“E-Meter? A technically superior product 
with features not available anywhere else.” 



Wondering which meter to use In your system? 

We like to think that with so many features you can’t get anywhere else - like historical data, automatic 
learning of charging efficiency, versions capable of up to 1000 Amp loads at 500 Volts (that’s 1/2 
megawatt !), and Peukert rate compensation, - you wouldn’t need a second opinion. But in case you do, 
here’s not only a second, but also a third, and a fourth. ..and more...from real users and front line renewable 
energy (RE) professionals who sell and install E-Meters: 




Buying an RE system without an E-Meter is like buying a car 
without a gas gauge” 

Bob-O Schultze, Electron Connection, (530) 475-3402 
www. electronconnection. com 



“ I like to be able to stand in the house and know right away the 
status of my batteries and know how much power I’m making or 
using.” 

Bill Golden, Montague, CA 



The functions it has for such a small package are phenomenal. 
My customers know how full the battery is straightaway.” 

Clive Wilkinson, Powersense, Falkland Islands, [500] 422-02 



“ My customers are very satisfied with the E-Meter. For the end-user, 
it takes all the guesswork out of knowing the remaining battery 
capacity.” 

Bill Haase, Haase Specialties, Red Bluff, CA, (530) 527-8989 



For the first time my customer knows what their 8 year old solar 
system is really doing.” 

Bill Battagin, Feather River Solar, Taylorsville, CA, (530) 284-7849 www.psln.com/drgoose 



SPECIFICATIONS: 


Amp-hour Range: 


± 1999AH 


Amps Range: 


± 500A 


Optional Range: 


± 1000A 


Volts Range: 


0.1 -50 V 


W/ prescaler 900087 


0-1 00V 


W/ prescaler 900086 


0-500V 


Power Requirements: 


9.0-40V 


Accuracy: 


0.5% 


Bezel Diameter: 


2.5” 


Overall Depth: 


2.9” 


Weight: 


< 5 Oz. 


Mounting Cutout: 


2.0-2.16” 


Altitude limitation: 


>80,000 ft. 


Optional Temp Sensor: 


0 °-99 ° C 



Things that Work! 
tested by Home Power 

For battery banks to 
2,000 Amp-hours 

Optional computer data port. 

Optional low battery alarm output. 

Optional active temperature sensor. 

Mount up to 200 feet from batteries. 

Low current drain “sleep" mode. 

Easy to read bar graph. 



5245 Shishole Ave. N.W. 

Cruising Equipment seawe, WA ssio? usa 

^ * Phone:(206)782-8100 Fax:(206)782-4336 

A Valley Forge Company http://www.cruisingequip.com 










BP SOLAR 



We've created a whole 
new solar system. 

BP Solar: we're a different kind of solar energy company. 

We manufacture the most efficient solar modules you can 

buy and we're on the leading edge with new, low cost \ 

technologies. But we do much more... / 

■ rr 

BP Solar has joined with Trace Engineering and , * W3S 

Trojan Battery to develop PVpIus, the next 

generation of solar electric power systems. PVpIus 

is a complete power system, with components 

designed and engineered to optimize performance. 

We install and service the systems we sell. All backed by a 
name that is known and trusted throughout the world. * . - 




USA: 

Advance Solar Systems - Florida 

Toll Free: 800-937-6527 
Phone: 941-939-7446 
E-mail: solarbri@aol.com 

Dankoff Solar Products - New Mexico 

Toll Free: 888-396-661 1 
Phone: 505-820-661 1 
E-mail: pumps@danksolar.com 



Alternative Energy Engineering - 
California 

Toll Free: 800-777-6609 
Phone: 707-923-2277 
E-mail: Energy@alt-energy.com 
Internet: http://www.alt-energy.com 

Effective Solar Products - Louisiana 

Toll Free: 888-824-0090 
Phone: 504-537-0090 
E-mail: esp@effectivesolar.com 
Internet: http://www.effectivesolar.com 



Alternative Solar Products - California 

Toll Free: 800-229-7652 
Phone: 909-308-2366 
E-mail: mark@alternativesolar.com 
Internet: http://www.alternativesolar.com 

Talmage Solar Engineering - Maine 

Toll Free: 888-967-5945 
Phone: 207-967-5945 
E-mail: tse@talmagesolar.com 
Internet: http://www.talmagesolar.com 




Energy Systems, Inc. 



G^D POWERCOM 

A Division of C&D Charter Power Systems, Inc. 
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...the heart of your solar system 



The Better Battery 






BP BP SOLAR 




BP SOLAR'S NEWEST PARTNERS: 
American Energy Technologies, Ltd. 

3530 Enterprise Way/PO Box 1 865 
Green Cove Springs, Florida 32043 
Phone: 904-284-0552 800-874-2190 
E-Mail: Solardell@aol.com 



CANADA: 

Powersource Energy Systems - 
British Columbia 

Toll Free: 888-544-2 1 1 5 
Phone: 250-544-21 15 
E-mail: powersource@vw.com 



Renewable Technologies, Inc. 

P.O. Box 1569 
Sutter Creek, CA 95685 
Phone: 209-267-1303 
E-mail: dconklin@cwia.com 
Internet: www.renewable.com 
Ca. Lie. 724725 



Powersource Energy Systems 
Alberta 

Toll Free: 888-544-2 1 1 5 
Phone: 403-291-9039 
E-mail: powersource@vw.com 




Solar Solutions - Manitoba 

Toll Free: 800-285-7652 
Phone: 204-632-5554 
E-mail: solar@solarsolutions.ca 
Internet: http://www.solarsolutions.ca 
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Solar Farm in Belize 

Dawn and Christopher 
Nesbitt bring their farm out 
of the dark ages of kerosene 
lighting and hauling water by 
hand. PV integrates perfectly 
into their small-scale organic 
lifestyle. 

A Mobile Educational Lab 
Goes Solar 

Bob Curtis, David Parker, 
and Bob-0 Schultze install a 
PV system on the WET lab, 
which gives tours and 
lessons to Springfield, OR 
students about watershed, 
ecosystem, and energy 
topics. 

Solar-Powered Eco-Resort 

Steve and Elizabeth Willey 
take a junket to the Fiji 
Islands to bring RE to a 
remote eco-resort. The 
system, crew, and locale. 

Guerrilla Solar in the 
Utility’s Backyard 

A mysterious crew decides 
to install a grid-intertied PV 
system. . . without informing 
their utility. The risks, whys, 
and hows for the rebellious 
do-it-yourselfer. 

Hydrogen Purification 

Hydrogen guru Walt Pyle 
provides the scoop on 
decontamination of home- 
made hydrogen. Important 
safety considerations, too. 



76 Electric Sparrow Takes 
Wing 

Shari Prange shows off a 
new electric micro-car 
manufactured by Tom 
Corbin’s company in 
Hollister, California. 

84 EV Tech Talk 

“My EV is very jerky starting 
off from a stop. What could 
be causing this?" Mike 
Brown comes up with a 
theory based on his vast 
experience and the process 
of elimination. 

Features 

52 The Tehachapi Wind Fair 

If you missed this one, you 
missed a good one. Home 
Power visits South-central 
CA and is treated to a 
surprise. Do we really have 
to wait two years for another 

one? 

56 Big Wind 

The HP crew tours a wind 
farm and Zond’s new 
production facility. 4,940 
wind machines on the 
skyline and new 750 kW 
wind gennys - a buck a watt. 

64 Buying Big Wind 

We explore the possibilities 
for on-gridders who want to 
buy big wind and other 
renewables. The verdict? 

Soon. 




Cover: Ezekiel, Zoe, and Dawn Nesbitt prove that solar power is fun in Belize (page 8). 
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68 Breakthrough for 
Microhydro 

Bob-0 Schultze puts 
ES&D's new Stream Engine 
through its paces: more 
power from the same water 
source, with much less 
maintenance. 

72 The Brand Power Meter 

How much power does that 
appliance use? This new 
unit gives you the definitive 
answer. Richard Perez has 
been testing one for six 
months and likes it. 

Columns 

88 Power Politics 

RAGE is a new national 
organization that wants to 
put the consumer in the 
driver’s seat of utility 
restructuring. Why the states 
have not done it right. 

94 ipp 

IPP has been busy. Don 
Loweburg tells about it and 
gets some digs in about 
corporate take-overs, utilities 
selling grid-intertie systems, 
deregulation, and more. 

100 Code Corner 

There are fuses, and then 
there are fuses. John Wiles 
gives the lowdown on fusing 
for RE systems. 



106 Home & Heart 

Kathleen tests the new 
Sundyne Solar focusing 
cooker. With its fresnel lens, 
it can focus a point hot 
enough to fry. Also, the Sun 
Toys Solar Panel Cooker 
and some good books. 

112 The Wizard 

Origins of the universe, 
brought on by unfolding 
dimensions. Who knows 
what other dimensions still 
remain curled up in remote 
neighborhoods? 

121 Ozonal Notes 

Home Power goes on the 
road for renewable energy. 
“No more sniveling!” The 
Oregon net metering bill 
needs your help. Find the 
Schwartz! 
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For over one hundred years, America’s utilities have made 
electricity and sold it to us. They make this electricity by burning 
coal and natural gas, by nuclear reaction, and by damming 
rivers. They want to continue to do this even though these 
energy production methods make air pollution, greenhouse 
gases, and radioactive waste. Utilities like the idea of centralized 
power. Only they can make it, and we can only buy it. 

We have a better idea — let’s use solar energy, wind energy, and 
stream power. Renewable energy resources are nonpolluting 
and sustainable. Renewable energy is inherently decentralized 
and freely distributed to everyone daily. And that’s the 
problem.... 

Utilities are opposing small-scale RE on-grid in every way they 
can. They demand expensive “gold-plated” disconnects, and 
million dollar insurance policies. They want to either pay us 
nothing for our RE, or pay us a tiny fraction of what they charge 
us for their dirty power. Utilities want to hold on to their 
monopolies and their profits. 

Guerrilla solar is our response. If America’s utilities will not 
change their polluting, greedy ways, then they will have to 
contend with the solar guerrilla. See page 34 of this issue for the 
story of just one solar guerrilla. We are everywhere.... 

The sun is more powerful than any utility. 

Richard Perez speaking for Solar Guerrillas everywhere ^ 
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“Think about it. . . ” 

“You’re either part of 
the solution or part of 
the problem.” 

- Leroy Eldridge Cleaver 
(c. 1968) 
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We’re your resource for 
reliable power from 
the sun, wind and water! 

THE ALTERNATIVE POWER SPECIALISTS 




Technical know-how 
& support 

Anybody can sell you alt- 
ernative energy equip- 
ment, but few have the 
professional experience 
to help you choose, cor- 
rectly install and use it. 
We offer a Techline for customer support on 
hydro, wind, solar and pumping installations. 
What’s more, we live and work with what we 
sell. Our homes, warehouse and offices are 
powered by solar, wind or hydro systems. Our 
experience provides you with high-quality, 
fa reliable energy products at 
affordable prices. 




One of the largest inventories 

We stock Solec/BP PV panels Trace and 
other inverters, wind and hydro generators, 
SunFrost, VestFrost, propane refrigerators, 
washing machines, space and water heaters, 
meters, power centers, fans, composting 
toilets, lights, pumps, cables, fuses, solar 
toys, switches and much 
more. 

Call or write for a 
free catalog and 
design guide 

We’ll take you step-by- 
step through the process 
of creating a workable 
energy system. 




6H333 

LengineeringJ 




Dealers Wanted 

• Join the industry leader 

• Huge inventory of inverters and PV modules 

• Toll-free assistance from experienced mechanical 
and electrical engineers 

• Advertising coop money available 

• #1 Trace distributor, Senior BP partner 




Alternative Energy 
Engineering, Inc. 

SOLAR, WIND & HYDROELECTRIC 
POWER SYSTEMS 



Order: 800-777-6609 PO. Box 339-HP 
Techline: 707-923-7216 Redway, CA 95560 
www.alt-energy.com 







ristopherNesbitf 

, ©1 998 Christopher Nesbitt 



Above: Ezekiel. Zoe. and Dawn Nesbitt. 



iving in the bush more than a mile 

W j/ ^ rom nearest r ° ac * anc i 

\ ^7 electricity lines doesn’t mean 
going without the basic amenities of 
modern life, such as running water and 
lights. A few years ago, I thought 
differently. 

Belize is a beautiful country, filled with genuinely great 
people and an easy going melange of culture. It’s a 
very nice place to live — I liked it from the first day I left 
Mexico and crossed into Corozal. I came here to 
escape the cold weather, and stayed because of the 
warm people. 

I liked the pace of life here. When I reached the 
southern district of Toledo, I decided to make this 
peaceful nation my home. 

Our Family and Life 

These days, I work for Green & Blacks, a small organic 
chocolate company in England that makes a 
scrumptious chocolate bar called Maya Gold with 
Belizean cacao. I am their liaison with the organic 
cacao growers co-operative in Belize. 

I live on a 70 acre parcel of land in the foothills of the 
Maya Mountains with my wife, Dawn, and our two 



children, Ezekiel and Zoe. I lived in this country for a 
few years, and looked at ten or twelve very nice pieces 
of land. In 1988, when I was 22, I bought my farm . I got 
it from a hard working old farmer who wanted to move 
to town to be surrounded by lights, excitement, and 
people. 

Our farm is in a beautiful valley about two miles upriver 
from the predominantly Kekchi Mayan village of San 
Pedro Columbia, which has the nearest roads and 
electrical lines. We grow an assortment of organic fruits 
and vegetables, and we raise chickens for eggs. Until a 
few years ago, we had to use smelly, polluting, 
dangerous, non-renewable kerosene for our lighting. 
We also hauled our water by hand in buckets from the 
river. I lived without many concessions to the modern 
age for a few years, feeling virtuous about my low 
consumption of resources. However, part of me missed 
the simpler aspects of civilization, like fans, radio, 
electric lights, and water. I started looking into solar. 

Solar Desire 

In 1989, there were only two solar electric systems 
nearby. One of these was the Dem Dat’s Doing Living 
Resource Center, a homestead/guest house built by 
some retired Americans. In addition to their solar 
panels, they also had a biogas digester. The second 
system was owned by some Mennonite missionaries 
who lived in San Pedro Columbia before the village had 
electricity. They have since moved on. 
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I saw both of these systems, and was duly impressed 
and more than slightly envious. However, the price for a 
comparable system was just too high for me. I didn’t 
have sufficient funds to divert towards solar, so I did 
without. I hoped that someday I might also have solar 
electricity. 

Reality 

In the meantime, I continued burning kerosene and 
hauling water. The kerosene lamps gave a warm glow, 
but put out a feeble light. It wasn’t very good for reading 
at night, and if the wick was not exactly correct, it gave 
an unpleasant smell. Using kerosene involved 
transporting it long distances. I burned it anyway, or 
sometimes used candles instead. 

In retrospect, it sounds sort of grim, but it wasn’t. I had 
only the vaguest idea of what I was missing. I enjoyed 
living primitively in the bush. My house was made in the 
local style, a simple thatch roof tied together with vine, 
resting on sapodilla posts. I sold my fruit at the market, 
and watched the cycles of the moon wax and wane. 

Over the years, two things happened that changed the 
prospect of getting solar in my favor: my income level 
went up, and the price of solar went down. By 1994, I 
was married to Dawn, the love of my life and my best 
friend. We had a son, and we were all in Eugene, 
Oregon during an annual seasonal migration to greener 
economic pastures. We were selling jewelry, assorted 



doo-dads, and Guatemalan clothes on a summer tour 
with the Grateful Dead. 

Solar RV 

Dawn and I had talked many times about getting a solar 
electric system for the farm, but didn’t know where to 
buy one. At one point, we saw some solar panels in the 
window of a store. This store actually turned out to be a 
promotional office for the local utility. According to the 
woman there, the utility had decided that it was cheaper 
to reduce demand for grid power than to build more 
dams. They weren’t selling any panels, but gave us 
directions to a dealer’s house instead. We drove over 
there, and some nice people mounted a 53 Watt 
Siemens panel on our motorhome. It all happened so 
quickly that I am ashamed to admit that I have forgotten 
their names. 

The panel fit nicely in the DC electrical system. It 
charged the batteries and ran the lights and fans when 
we were parked for a few days. We hardly ran the 
generator and our batteries were kept charged. We 
could already see the benefits. We started thinking 
about the system we could build when we returned to 
Belize at the end of the season, using our new panel. 

Solar Home System 

We decided that we could build a small system for our 
home in Belize that would give us some conveniences. 
It would be a great introduction to PV and would cost 



Below: Dawn outside the main house. The ground floor is open to admit cooling breezes. 
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Above: Area for work and play, showing the two computers on the system. 



fan by the bed for those hot sticky 
nights in the peak of the dry season. 
We were very happy with the money 
we had invested in solar. We were 
also building a larger house to 
accommodate our expanding family. 
When it was finished, we wanted to 
outfit that with solar, as well. 

New Information 

On our way home, after we 
purchased that first system, we 
found a copy of Home Power for 
sale in Austin, Texas. Reading that 
issue opened our eyes to the large 
selection of products and dealers 
that are out there. Living here kept 
us out of touch with advances in RE. 
We had been under the impression 
that there was only one dealer out 
there, a large company that was 
quite expensive. 



about $500 US, including the panel and charge 
controller that we had already bought for a little over 
$300. We designed the balance of the system around 
that premise. We ended up with a system that was easy 
on our budget and was a vast improvement on the past. 

When the season ended, we returned to Belize with our 
panel, a Steca 4 Amp charge controller, a 12 V 
department store variety “deep cycle” battery, some 
Thin-lite 12 V fluorescent lights, and a fan. This was the 
beginning of our experience with solar electricity on the 
farm. 

The Installation 

We mounted the panel in the yard on top of bamboo 
poles, since it would have been difficult atop the thatch 
roof. We wired the house with two lights, one inside and 
one for our porch where the hammocks were. We used 
automotive inline fuses for every wire coming off of the 
positive battery terminal. It was very basic — sort of a 
training-wheels application. We learned a lot and it 
made us ready to try something a bit bigger. 

That first night was great! After years of kerosene lamps 
and candles, it was disorienting to have bright electric 
light in our little thatch house. We sat there talking 
about all sorts of things late into the night, luxuriating in 
the light. We were filled with pride about finally stepping 
into the twentieth century on the cusp of the twenty-first. 
The house glowed, and the light passed out into the 
yard giving it a green halo. It was beautiful. 

That year brought a lot of changes into our lives. We 
read more, stayed up later, had late night marathon 
two-party backgammon championships, and mounted a 



We contacted a few dealers in that issue of Home 
Power and they sent us catalogs. From this, we were 
exposed to the large variety of equipment that was on 
the market, as well as the substantial price variations 
from one dealer to another. This enabled us to figure 
out what we wanted for our new house. 

The Next Incarnation 

In 1995, we again went north for the summer to seek 
income. We were armed with a good idea of what we 
wanted for our system and where we could find the 
components. When the season was over, we returned 
with four more panels: a 48 and a 53 Watt Siemens, 
and two 90 Watt Solecs. We also purchased an SCI 
Mark III charge controller, two Trojan T-105 batteries, a 
Statpower 800 watt inverter, and a Flojet 2100 pump 
with linear current booster. We bought more lights and 
more fans. 

The old house became our guest house. We took off 
the original 53 Watt panel and installed the new one 
rated at 48 Watts. Unfortunately, that panel put out 1 5.6 
V, low for the hot tropical weather we have here. 
However, the house was seldom used since we don’t 
get as many visitors as we’d like. Even with the drop in 
voltage, the 48 Watt panel was adequate to keep the 
battery charged. Eventually, that system was 
dismantled. The panel is now in use with a second 
irrigation pump with low lift. The lights and fans have 
been put to work elsewhere. 

Our new house has a zinc roof for water catchment. It 
also worked great for mounting the two 53 Watt 
Siemens panels. We lacked an appropriate mount for 
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the 90 Watt Solec panel, so we set it on a lawn chair in 
the yard. 

All of these panels are wired for 12 Volts. This enabled 
us to fit the house with common 12 VDC lights, mostly 
fluorescent 30 Watt Thin-lites. We decided that using 
DC was better than risking our main source of lights to 
down time with a broken inverter. One of our neighbors 
has suffered through a broken inverter twice! Because 
the ballasts interfere with AM radio reception, we use 
an incandescent automotive taillight when we want to 
listen to our shortwave radio. 

We bought the inverter for power tools like the drill, and 
for essentials like our blender and coffee grinder. The 
blender is so much better than the expensive DC toy 
variety that we have seen, and a very important device 
if you live where papayas, avocados, bananas and 
mangos are abundant and can be reduced to 
smoothies! 

Antique Apples and Inverters 

Now that we have an inverter, we have acquired a few 
older Macintosh computers from friends and family who 
have upgraded. One of those is this well loved antique 
Classic that I’m writing on right now. It runs fine with the 
modified sine wave power. In addition to the Classic, I 
have a Mac PowerBook 170 that I run using a 12 V 
adapter made just for this series of laptops. This 
PowerBook is equipped with a NiCd battery, and I’ve 
read that modified sine wave inverters might damage 
the internal charger. I don’t know if this is so, but I don’t 
take any chances. Instead of inverting 12 VDC to 110 
vac and then stepping it down to 7.5 VDC, I convert 12 
VDC to 7.5 VDC directly. 

Having computers on the farm is crucial. Sometimes I 
climb into bed beneath the mosquito netting and work 
or write on my laptop. It enables me to do paperwork at 
home with my family instead of being stuck in town at 
the office. Having multiple computers enables the two 
of us to write our friends simultaneously. Last but not 
least, my handwriting is truly rotten. Some of my closest 
friends insist that they can’t read a word of what I’ve 
written. My trusty old Macs enable me to communicate 
with those who are unable to decipher my cryptic 
scratches. 

New Inverter 

Recently, we had a little down time on our Statpower 
800 watt inverter. We decided to buy a smaller 
replacement — a Statpower 300 watt Portawatt. The 
loads on the 800 watt inverter are high surging 
appliances like the drill and the blender. We use the 
new inverter for Dawn’s computer, the ImageWriter II 
farm printer, and the smaller ac loads, such as the 
coffee grinder and sewing machine. 



Batteries 

The battery enclosure holds two Trojan T-105s and 
doubles as a late night reading platform and bench. 
Dawn won’t let me mount even a small, non-invasive 5 
Watt co-pilot reading light in the bed, claiming that the 
bed is for sleeping, not reading, and I bow to her 
concerns. The battery box is ventilated through the wall 
to the outside, and the charge controller and fusing are 
mounted on the front. The top is hinged for easy access 
to check the water level. It’s big enough for eight T-105 
batteries, but I doubt that we will ever use more than 
four. If our battery bank needs to grow, we will switch to 
four Trojan 395 Amp-hour L-1 6s. 

We checked for a good source of deep-cycle batteries, 
but didn’t have much luck. We found department store 
automotive deep-cycle wet-cell batteries, but they have 
a short life expectancy. We also found automotive 
deep-cycle gel-cells, which have some advantages, but 
they were still not what we wanted. Although they are 



Below: The battery box doubles as a reading platform. 
The SCI Mark III charge controller and the 12 Volt 
DC fuse box are mounted on the front. 
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Above: A view from inside the open-air kitchen showing the wood-burning 
cookstove. Outside, the temporary “lawn chair” mount 
supports a 90 Watt Solec PV panel. 



non-gassing, spill-proof, can be positioned anywhere, 
and never need watering, they are very expensive, 
easy to damage, and have relatively short life spans. 

Many catalogs sell “golf cart batteries” and we wanted 
to avoid paying substantial freight costs for shipping to 
Belize. We looked for a local source before we left the 
United States, and found a golf cart dealership about 
twenty miles north of Austin. We called and told them 
that we were interested in buying some batteries for a 
PV system on a home. They had never had anybody 
ask for them for that purpose. I explained that golf cart 
batteries were the battery of choice for a starter home 
system. We purchased two T-105s. They were as 
cheap as automotive deep-cycle batteries, and have 
lasted the last two and one-half years without a hitch. 
They appear to be doing well. 

Fuses 

I doubt that our system would be up to code anywhere 
in the States, unless we put it on wheels. Because 
there are no electrical codes here for low voltage 
systems, our only guidelines were common sense and 
our budget. 

All of the DC load wiring in the newer house was done 
with #12 duplex. Since it’s only a two-story 18 by 18 
foot building, we weren’t worried about line loss. For 
circuit protection, we installed an automotive fuse block 
with 12 spaces. At this time, we are only using eight of 



them. We chose this setup because 
it was inexpensive and the fuses are 
easy to find locally. So far, we have 
burnt out only one fuse. This 
happened while rewiring a fan. 
Having seen wires burn in 
automobiles before, I was glad we 
had those fuses. I’ve read 
repeatedly that every wire 
connected to the positive battery 
terminal must be fused, and I live by 
that. It is simple to do, and you may 
never need it. But if you do short out 
a wire without protection, you could 
have a serious electrical fire. 

Charge Controller 

We chose the SCI Mark III charge 
controller for the meters and the 
price. Our neighbors bought one 
when their older controller failed, 
and they spoke highly of it. 

We got much of the system, 
including the charge controller, from 
Solar Electric, Inc. The meters give 
a good idea of what is going on with 
the system, showing what the state of charge is, and 
how much current is coming in. 

In my enthusiasm and haste, I made an avoidable 
blunder during the installation. Zap! There was a small 
puff of smoke, and the sudden awareness of an 
irreversible tragedy. I sent the charge controller back to 
Specialty Concepts, Inc. explaining my mistake, and the 
nice people there repaired it free of charge. It was back 
in our hands in a few weeks. 

Water System 

We designed the house to catch water during the rainy 
season for drinking, cooking, and washing the dishes. 
The greywater goes to the garden. In the dry season, 
we pump water from the river for washing and irrigation 
using a 12 Volt Flojet 2100 pump powered by a 90 Watt 
Solec panel. The pump fills a 400 gallon tank up the hill 
from our house. From there, the water is gravity fed to 
the kitchen and the garden. This gives us plenty of 
pressure for the outdoor shower and for washing 
dishes. 

We built a simple portable pumphouse out of a common 
Rubbermaid 10-gallon box with holes punched in the 
sides for the hose and cables to pass through. This 
enables us to move the pump if a flood threatens, while 
still protecting it from rain. The river can rise ten feet 
overnight in the rainy season, but usually we have 
dismantled the system by then. We only use the pump 
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1 96 total Watts of PV at 1 2 Volts 



The Nesbitts' House System 




Fuse 



Fuse 



DC Fuse Block 
12 positions (8 used) 




in the dry season, disassembling it at the first flood of 
the rainy season. 

Last year, I was down by the river hauling hose in a 
torrential downpour at 2:30 AM. Lightning was coming 
down, and the river was on the rise. With situations like 
these, I’m glad that the pump setup was easy to both 
assemble and disassemble. Backwoods Solar provided 
lots of extra diagrams and information. In particular, the 
trouble-shooting sections are invaluable. So far, we’ve 
had two years of mostly trouble-free operation. We 
have had to disassemble the pump a couple of times to 
clean it out, but twenty minutes later it’s up and running! 

Dry Season Gardening 

We have a dry season garden on some rich alluvial soil 
up the river. The garden location gets flooded every 
rainy season, depositing more nutrients. We grow some 
monster vegetables there. 

We bought another Flojet pump for this garden. The 
pump is powered by the 48 Watt Siemens panel from 
the old house. Irrigation enables us to have a green 
garden during the dry season when all of the 
surrounding neighbors’ gardens turn brown. The garden 
is my favorite part of living on our farm. I keep puttering 
in the garden right through the dry season. I can spend 
two hours at a time walking from bed to bed watering 
the plants. I enjoy watering as a form of meditation, 
giving me time to think about life, the universe, and 
whether or not those beets are ever going to come up. 

The House 

The kitchen and dining area is on the first floor and is 
open to the breeze that blows in off the Caribbean, a 
short 25 miles away. The second floor has lots of 
windows. The view of the valley is beautiful and we take 
advantage of the prevailing winds. The windows close 
up quickly against the strong winds and heavy rains of 



the wet season. The house sits on the slope of a hill 
overlooking the river. We spend more time downstairs 
in the kitchen during the day, but if blowing rain 
threatens, we retreat to the dry upstairs. 

Adding Wind 

Our most recent acquisition for the system is an Ampair 
1 00 micro wind generator. I bought it from a departing 
yachtsman who wanted to sell off some of his 
possessions instead of dragging everything back to the 
States. I got the Ampair, an archaic Sovonics self- 
regulating flexible 22 Watt panel and some diving 
equipment for $200. I gave the solar panel to someone 
who needed it more than we did. I haven’t set the 
Ampair up yet, because we haven’t needed it. When I 
upgrade the battery bank with either four T-1 05s or two 
to four L-16s, I will add it to the system. 

The Ampair wouldn’t spin freely, so I sent it to Jack 
Rabbit Marine, the only Ampair retailer in the US. They 
specialize in marine RE systems. While we are 
confirmed landlubbers, many of the components 
suitable for a marine environment are also suitable for 
extreme humid tropics. Jack fixed it up and sent it back 
to me in a timely fashion. We still need to get the proper 
controller for it. When we do, we will talk with Jack 
again. 

I like the idea of a hybrid wind/solar system. When we 
have our frequent rains, we often get wind, making the 
wind generator a prudent investment. When it is rainy 
and overcast for a few days, the wind generator will 
help to keep the batteries full. Lack of sun has not been 
a problem so far, as our loads have been limited. In the 
future, when the wind is blowing and the rain is falling, 
we will be sitting inside, working at the computers, 
happy in the knowledge that our batteries are being 
fully charged and maintained. 
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The Nesbitts 9 
Domestic Water 
System 



90 Watt Solec PV Panel 




Fuse 



River 






400 gallon water tank 




Gravity feed 
to house 



Flojet 2100 Pump 
12 Volt 



Local PV Systems 

In the last few years, PV has become more 
commonplace here. In this watershed of the Columbia 
River valley, there are now eight solar-powered houses, 
ranging in size. Two small systems consisting of one 
panel and light are in one part of the village where the 
Electricity Board hasn’t bothered pushing lines. On the 
large end of the spectrum, a big system runs a jungle 
lodge and butterfly breeding facility close to the Mayan 
ruins of Lubantuun. 



Our system is somewhere in the middle in size. There 
are a couple of systems that are smaller, a few 
comparably sized, and one that is much bigger than 
ours. We trade information about our sources with each 
other. Some of us have also gotten our components 
from some of the same sources. For most of us in this 
watershed who have gone solar, the only possible way 
to have electricity at our homes was to generate it 
ourselves. In our case, it wasn’t a question of time or 
money to bring in grid power. We are just too far for it to 
reach us. We all decided individually that solar was the 
way to go. 

Dreaming Up New Systems 

I think we have some nice systems. The first system on 
the old house was a big change from the days of the 
dreaded kerosene lamps. The larger system on the new 
house is an improvement on the first. Having the 




irrigation system is also a lot nicer than hauling buckets 
of water! It took a while to get where we are, and doing 
it like this has enabled us to really ponder all of our 
components. 

When we upgrade the house system again, we’d like to 
get better overcurrent protection and a bigger battery 
bank to accommodate the larger loads we would like to 
have in the future. In the meantime, what we have now 
can serve us for a long, long time. However, we still 
have dreams. We would like a taper diversion regulator 
hooked up to an electrolyzer. This would create 
hydrogen gas with our excess power for burning in a 
modified propane stove. As my office is in town, two 
miles of river and twenty-three miles of bone rattling 
road away, we’d like telecommunications for the farm. A 
phone, fax, and modem would be great, but we will 
have to wait. 

We would eventually like to have an efficient electric 
refrigerator and freezer, but it’s not truly necessary for 
us at this time. There are many secondhand propane 
fridges around, with more becoming easily available 
every day as the rural electrification program continues. 
Some are very inexpensive, but the thought of lugging 
propane up the river is not appealing. The monthly 
expense of buying fuel is the sort of steady draining 
expense we are trying to avoid. The tropics provide 
food on a continuous basis. Fruits ripen daily, 
vegetables mature, but ice cubes sure would be nice. 

To further improve our quality of life, a washing machine 
is first on our list. It is more important to us than other 
additional appliances, since we have two children and 
live on a farm. We have been dreaming of getting one 
since we saw a Staber that could do all of our laundry, 
wasn’t power thirsty, and used little water. 

Empowerment 

Producing our own electricity has been an empowering 
experience for us, pun intended. We are very pleased. 
If we could get grid power, we wouldn’t. We never get 
behind in paying our utility bills, because we haven’t 
any. There are no power outages or brownouts to 
endure, which are problems that plague the electricity 
provided by the Electricity Board. There are no 
connection fees to pay, and no “administrative” costs. 
After the initial expense, we are free to do as we 
please. 

We are our own little utility company, owned by those it 
serves. We like being responsible for the creation of our 
own energy. We enjoy turning sunlight into electricity. 
We aren’t running a generator, so we don’t create that 
noise or pollution. What’s more, I like to watch the amp 
meter when the sun is out. The panels just push the 
electrons into the batteries! 
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We acquired our equipment from several different 
sources. As our budget was limited, with resources 
being directed towards other projects, we tried to find 
the least expensive sources for each component. There 
is a lot of competition in the industry and some 
companies are significantly cheaper than others. A 
potential tradeoff is that you may not get the service or 
assistance you’d like from a very inexpensive company. 
It would probably be better to build a whole system from 
components purchased from one source. 

Give It a Try 

If we were starting from scratch and knew what we’ve 
learned with this system, we wouldn’t change much. 
We’d get a pulse width modulation charge controller, a 
low voltage breaker box instead of the automotive 
fusing, and perhaps a bigger battery bank. Even without 
these changes, the system is very satisfactory as it 
works now. 

We love living here, and solar electricity makes it even 
nicer. I encourage anyone considering stepping off into 
the world of renewable energy to give it a try. It’s a great 
feeling to supply your own power with the help of the 
sun. There are some great people out there in the RE 
business. Many catalogs are full of information. We 
read a few books, took our time, and did the design and 
installation ourselves. Practically anybody could set up 



a system like ours. Most of the dealers we talked with 
offer excellent service and advice. Having electricity is 
the best improvement in our quality of life since we 
moved to our farm. We can’t figure out how we lived 
before we went solar! 

Access 

Authors: Christopher and Dawn Nesbitt, PO Box 153, 
Punta Gorda, Belize, Central America 
toucanpro@btl.net 

Sources: Solar Electric, Inc., 5555 Santa Fe St. #J, San 
Diego, CA 92109 • 800-842-5678 • solar@cts.com 
Web: www.solarelectricinc.com 

Alternative Power, 104 N. Main St., Viroqua, Wl 54665 
608-637-2722 

Backwoods Solar, 1395 Rolling Thunder Ridge, 
Sandpoint, ID 83864 • 208-263-4290 
Fax: 208-265-4788 • info@backwoodssolar.com 
Web: www.backwoodssolar.com 

Jack Rabbit Energy Systems, 425 Fairfield Ave., 
Stamford, CT 06902 • 203-961-8133 
Fax: 203-358-9250 
JackRabbitMarine@compuserve.com 

Kansas Wind Power, 13569 214th Rd., Holton, KS 
66436 |t| 




But you can always rely on Rolls batteries. 

You have invested in an alternative energy generating system. 
Make sure your battery is not your weakest link. Insist on 
North America’s best deep-cycle battery... Rolls. 

• Dual-container construction eliminates potential leaks, stray 
current, and decreases maintenance 

• Unsurpassed cycling due to the most dense active material in 
the industry 

• Modular construction for easier installation 

• Average life expectancy is 15 years - Warranted for 10 years 



BATTERY ENGINEERING 

1 - 800 - 681-9914 

Surrette Battery Company Ltd., Springhill, NS, Canada, BOM 1X0 
www.surrette.com e-mail: jds@surrette.com 
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In 1995, Southwest Windpower 
designed a new generation 
battery-charging wind turbine, the 
Air wind module,™ "A brave new 
technology designed to make wind 
as simple and versatile as 
photovoltaics." The AIR 303 wind 
module™ quickly became the 
world's best selling wind turbine, 
selling 1 8,000 units. Now we 
have made it better. 

AIR 403 

The new AIR 403 improves on the 
revolutionary features of the 
original wind module. 



Refinement 

An all new die cast zinc- 
aluminum alloy hub is 
designed for superior strength 
and easier assembly. 




A new casting process refines the 
fit and finish. The new body 
design doubles the tip-to-tower 
clearance for greater reliability in 
high winds. 




Performance 

An airfoil so advanced it 
approaches the theoretical limits 
of efficiency. (Cross section of 
airfoil shown). 




Redesigned brushless alternator 
using new high strength arced 
neodymium magnets, and new 
windings, increase power by 30%. 






The stronger all carbon fiber 
reinforced blades and advanced 
airfoils achieve higher output and 
reduced noise. The passive-pitch 
speed-control system still has no 
moving parts. 

The new alternator and more 
efficient windings enable the 
new 403 to deliver 400 watts at 
28 mph and 20 kWh per month 
in a 9 mph average wind speed. 



The state-of-the-art internal 
circuitry still incorporates safety 
features only possible with internal 
control and is now so intelligent it 
automatically slows the blades to 
a silent spin once the batteries are 
charged, then automatically 
restarts when the batteries 
need power. 

Southwest Wind power's new 
tooling provides the highest quality 



Control 

The new internal regulator 
delivers peak power of over 
750 Watts. To handle this, the 
new alloy body efficiently flows 
excess heat into the wind. 




turbine at the unprece- 
dented price of $1 .48 per 
Watt. The 13 lbs. AIR 403 is 
modular to grow with your 
power needs, simple to install and 
requires no maintenance. 

It is easier than ever to own the 
most advanced and affordable 
small wind turbine. 





Air 403 Marine version shown 



Southwest Windpower 

Renewable Energy Made Simple 

2131 l\l. First Street • Flagstaff, Arizona 86004 USA 
Tel 520 779-9463 Ext. 56 • Fax 520 779-1485 
www.windenergy.com • E-mail dept56@windenergy.com 



based on Rayleigh Distribution Curve k=2 
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S chuttze 



R ecently, in the news, Springfield, 
Oregon has been synonymous 
with school tragedy. It’s time to 
tell a different story about Springfield 
that should have made the national 
headlines. 

The WET Project (Watershed, Ecosystems, and 
Teamwork) is an educational partnership between 
Springfield Public Schools and the Eugene Water and 
Electric Board (EWEB). The goal is to promote 
environmental education and 
stewardship throughout Oregon’s 
McKenzie Watershed in the 
southern end of the Willamette 
Valley. 

The project provides Springfield 
teachers and students with 
curriculum support, teaching 
supplies, in-service opportunities, 
equipment, and a mobile laboratory. 

Teachers and students use the 
Mobile Lab for technological study 
and analysis of watershed, 
ecosystem, and energy topics. 

The WET Project Mobile Laboratory 
visits schools throughout the year. 



Tours and lessons highlight the use of appropriate 
technology for scientific investigation. Visits include 
studies of ecosystems, birds, and the properties of 
water and electricity. Field trips are taken to local fish 
hatcheries, dams, diverse ecosystems, and 
watersheds. 

An overnight outdoor school also uses the Mobile Lab 
to investigate aquatic insects, river topography, water 
quality, and aquifers. At the high school level, biology 
students study water quality along tributaries of the 
McKenzie River. These students report their findings to 
the Oregon Department of Fish and Wildlife. 



Below: Some of the computers and A/V equipment 
powered by the new photovoltaic system. 
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The Lab 

The Mobile Lab is a 33 foot Silverado fifth wheel trailer. 
It is fully equipped with four Macintosh 5400 computers, 
eight microscopes, an inkjet printer, propane heat, air 
conditioning, a slide out section, a wheelchair ramp, 
fluorescent lights, roof fans, a water pump, electric jack 
motors, a TV, VCR, and camera. 

The system is powered by an Onan 6.5 kW propane 
generator. From there, power goes to a Sola Micro 
power conditioner for the ac loads, and to a MagneTek 
converter/battery charger for the DC loads. The Mobile 
Lab is wired for dual voltage, and carries two 100 Amp- 
hour (A-h) deep cycle coach batteries. 




Out to Bid 

In February of 1998, WET lab project coordinator Bob 
Curtis issued a request for quotation to upgrade the 
current system. Bob wanted a PV/inverter/battery 
system so that the lab could be operated for two to 
three hours without the generator vibration and noise. It 
would thus become a real demonstration of renewable 
energy technology. After all, in the course of a typical 
year, several thousand students and the public visit the 
lab. 

Bob wanted to be able to plug into 1 20 vac shore power 
to maintain battery charge during inclement weather, 
rather than use the noisy generator. He also specified 
that a single 75 Watt removable module would be 
connected to the coach batteries. A voltmeter and 
ammeter would be visible outside, so that students 



Above: Joe Schwartz, of Electron Connection, installs 
the four Siemens SP-75s on tilt-up mountings. 

could understand the importance of orientation and 
location to solar performance. The removable PV has 
30 feet of cable and a quick disconnect plug. It can be 
used as a demonstration, either next to the trailer or in 
an indoor location. 

The Energy Service Company (ESCO) was contacted 
to provide a bid. They decided to work jointly on this 
project with Bob-0 Schultze of Electron Connection. 

Bob-O’s experience with 
sophisticated wiring proved 
invaluable to the success of the 
venture. 



Below: Allen Hall, of The Energy Service Company, prepares the custom 
aluminum rack for installation of the batteries. 






ESCO and Electron Connection 
made some upgrade suggestions to 
the original proposal. They 
suggested adding a Trace conduit 
box, a transfer switch, an extra 
module, and Hydrocaps for the 
batteries. They recommended using 
Siemens modules in place of those 
specified, and adjustable PV racks 
instead of fixed. They also advised 
changing the coach batteries from 
marine deep cycle to no- 
maintenance gel cell deep cycle. 
These upgrades were accepted. On 
March 1 5th, ESCO was awarded the 
bid. 

The WET Lab System 

A load analysis of the trailer showed 
that with all of the ac appliances 
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WET Lab's Main System 
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Utility Grid Power 



Four Siemens 
SP-75 
PV Modules 
300 Watts 
at 1 2 Volts 



Onan 6.5 kW 
Propane Generator 



1 20 vac 
from grid 




Two 30 Amp 
Square D 
Breakers 



Trace SW2512MC 
2500 watt sine wave inverter 
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Isolation 



Transfer Relay 
(generator normal) 



Transfer Relay 
(generator normal) 




All equipment 
grounds are 
to vehicle 
chassis 



Cruising Equipment 
E-Meter 




Six Trojan T-1 05 
lead-acid batteries 
660 Amp-hours 
at 1 2 Volts 






2 Amp Fuses 



ac Mains Panel 



running, it would draw about 1200 to 1400 watts. A daily 
load would be in the range of 2400 to 3600 watt hours. 
The budget limited the purchase to only four 75 Watt 
modules, so the solar contribution would be up to 50% 
of the load, on average. Additional modules could be 
added later. 

We sized the battery bank to provide 3 hours of 
autonomy at a 50% depth of discharge. Six Trojan 
T-1 05, 220 A-h batteries provide 660 Ah at 12 VDC. 
The batteries were installed in a Trace Power Module. It 
makes a fine battery box, with its internal tray and 
weatherproof locking door. To support over 400 pounds 
of batteries and their container, a welded platform was 
built under the tongue of the trailer. Aluminum 2 by 4 
inch rails were welded and bolted to the trailer cross- 
members. 




Above: The Trace battery box in place. 
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We chose a Trace SW2512MC pure sine wave inverter, 
due to the sensitive loads, mobile grounding feature, 
and the ability to power up to four more computers in 
the future. To complete the installation, we specified a 
Trace C40 charge control, E-Meter with shunt, Trace 
250 Amp disconnect, and all of the appropriate fuses, 
connectors, switches, weather tight boxes, etc. We also 
used three automatic transfer switches, to choose 
between inverter, generator, and two options for shore 
power connection. 

Below: Trace SW 2512 inverter, C40 charge controller 
and breakers inside the trailer. 





Above: The ac and DC fuse center. The Onan 
generator and Sola Micro isolation transformer 
are behind the grill. 



Quick Install 

Bob Curtis needed to have the system installed by April 
8th. Much coordinated effort took place in a short period 
of time to bring together all of the materials required, 
including welding the custom battery support rack onto 
the trailer. Noon on April 6th was the time for the 
installation work to begin, and for the preparation to pay 
off. 

By 5:15 PM the next day, the entire system was 
installed. With a flick of a breaker, it hummed to life. We 







1 WET Lab's Coach System 
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chassis 
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WET Lab System Costs 
117 vac System 



# 


Description 


Cost 


% 


1 


Trace SW2512MC Inverter 


$2,627 


23.8% 


4 


Siemens SP 75 watt PV Modules 


$1,800 


16.3% 


1 


Trace Power Module w/external kit 


$715 


6.5% 


6 


Trojan T-105 6 Volt Batteries 


$474 


4.3% 


1 


Welded Power Module Support Rack 


$450 


4.1% 


1 


Trace DC 250 Amp Disconnect 


$285 


2.6% 


2 


30 Amp Transfer Switches 


$250 


2.3% 


1 


E-Meter w/shunt 


$190 


1 .7% 


1 


Trace C40 PV Controller 


$185 


1.7% 


2 


2 PV Adjustable Mounting Racks 


$168 


1 .5% 


18 


Hydrocaps 


$162 


1 .5% 


2 


4/0 Battery/Inverter Cables 


$90 


0.8% 


1 


Trace Conduit Box 


$85 


0.8% 


7 


2/0 Battery Cables 


$63 


0.6% 


1 


Square D PV/Controller Disconnect 


$42 


0.4% 


WET Lab 117 vac System Subtotal 


$7,586 


68.7% 



12VDC System 



# 


Description 


Cost 


% 


1 


Siemens SP 75 Watt PV Module 


$450 


4.1% 


2 


Gel Cell 100 A-h 12 Volt Batteries 


$350 


3.2% 


1 


Trace Cl 2 PV Controller 


$110 


1 .0% 


1 


1 PV Adjustable Rack 


$60 


0.5% 


1 


Analog Amp Meter 


$19 


0.2% 


1 


Analog Volt Meter 


$19 


0.2% 


WET Lab 12 VDC System Subtotal 


$1,008 


9.1% 



Both Systems 



# 


Description 


Cost 


% 




Labor 


$1,764 


16.0% 




Misc. wiring, connectors & conduit 


$380 


3.4% 




Travel, meals and lodging 


$202 


1 .8% 




Shipping 


$100 


0.9% 


WET Lab Both Systems Subtotal 

Grand Total 


$2,446 


22.2% 


$11,040 


100% 



went immediately to the E-Meter to see 13 Amps of 
pure sunlight charging the battery. Not bad, for a flat 
mount of four panels in the late afternoon! Bob fired up 
the entire lab — lights, computers, microscopes, etc. The 
E-Meter showed a cumulative 87 Amp draw from the 
batteries. With the 13 Amps of sunlight, we had 100 
Amps available going to the loads (87 + 13 = 100 A; 
100 A x 12 V = 1200 W). It was right in line with the 
projected load. 

Since the installation, Bob Curtis has reported that he 
can usually go all day with solar input, eliminating the 
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need to run the generator. He is really enjoying 
conducting classes without the noise, vibration, and 
pollution of the original system. We will be using the 
system schematic created by Home Power inside the 
WET lab to show thousands of visitors how the system 
works. Bob is also planning to add a solar “module” to 
the curriculum. 



Congrats! 

Way to go, Springfield Public Schools and EWEB for 
funding this project! May this be an example to other 
school districts around the nation — go solar whenever 
the opportunity arises. This will provide a positive 
energy role model for the next generation. 



Access 

Bob Curtis, WET Project Coordinator, Springfield 
School District, 525 Mill St., Springfield, OR 97477 
541-747-3331 • bcurtis@sps.lane.edu 
Web: wet.sps.lane.edu 

David Parker, Energy Service Company, 399 E. 1 0th 
Ave., Eugene, OR 97401 • 541-342-4431 
esco@efn.org • Web: www.efn.org/~esco 



Bob-0 Schultze, Electron Connection, PO Box 203, 
Hornbrook, CA 96044 • 530-475-3402 
econnect@snowcrest.net 
Web: www.electronconnection.com 



World Power Tech 

four color 
film negatives 

3.4 wide 

4.5 high 
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Trace’s Complete Power Solutions 



Solar DC 
Charge Controls 

Now Trace brings microprocessor 
technology to sola r (PV) charge 
controls, with pulse-width modulated 
C 12 and C 40 charge controllers. Ensure 
more powerand longerlife to your 
batteries. ETL listed . Meets NEC 
requirements. 




DVM/C40 C40 
Meter Controller 



*C35,C40,*C50 

Trace Engineering's most advanced 
alternative energy controller. The C40 
b ring s mic ro p roc esso r c o ntro I so la r, 
wind, atan affordable price. The C40 
features an optional digital monitoring 
system that can be mounted on the 
controller or used remotely, fhe C 50 is 
also designed for Sola rx Millennium 
Panels. List $145 to $225. 

C35R,C40R,C50R/50or100 

Re mote d isp la y w ith 50 ft. o r 100 ft. 
connector cord for remote installation in 
a dual outlet box. List $115 to $135. 

DVM/C35, 40 &50 

Digital meter mounts into front of 
charge controller. Displays volts, amps, 
and cumulative amp-hours for solar 
array or DC loads. List$90. 




C12 (Shown with cover removed) 



C12 

fhe C 12 ha s a n LED sta tus lig ht 
displaying both charging functions and 
battery charge state ata glance. Ibis 
controller is used worldwide in a variety 
of applications, fhe DC disconnect 
function of the C12 will disconnect DC 
loads if batteries reach low-voltage 
conditions. "Thousands in use worldwide. 
All co ntro Hers feature exclusive optional 
battery temperature sensorwhich 
maximizes battery life and charge. 
Ust$110 

*Scheduled availability Sept. 11998. 



DR Series 

Simple & Expandable 

High surge capacity, low idle current. 
Simple, powerful, reliable, and 
efficient, Trace DR-series inverters have 
seta new standard for inverters. Trace 
buildsseveral models of DR-series 
inverters, ranging in size from 1.5 kW to 
3.6 kW. All DR inverters have a built-in, 
automatic, three-stage battery- 
charging system (bulk, absorption, and 
float). Auto low battery protection. 




Fast auto switching for back-up power. 
Expandability is another unique 
feature of our DR-series inverter. Load 
capacitycan be doubled by 
"stacking" a second inverter. A simple 
stacking cable kit(DRI) is a II that is 
needed. When connected in series, a 
pairof DR inverters produces both 120 
and 240 Vac power, enabling it to 
operate such difficult household loads 
asdeep well pumps, heavy power 
toolsand appliances. Battery 
temperature compensation option. 

List $995 to $1,350. 



UX Series 




500 to 1400 Watts of Power 
fhe new UX family isa powerful 
compact upgrade of the 800 Series. UX 
offers higher power with UL 
compliance. Automatic Operation 
Combination inverter/ charger 
(Stand By) models include a built-in 
battery charger and automatic mode 
switching that provides true "set it and 
forget it" operation. ETL listed, UL 
standard 1741 -C EC approved. 

List $550 to $940. 

NEW Tiger Series?* 

New low cost maxi-feature, modified 
sine-wave inverter with optional 
3-stage battery charger& automatic 
transfer re lay. More features, higher 
re liability and surge powerthan any 
other inverter in it'sprice range! 




Trace Power Modules 




M PS shown with cover removed. 



An MPS encloses inverters, charge controllers, 
wiring, disconnects and batteries in a 
lockable indoor/outdoor weatherproof 
cabinet. The modulardesign facilitates 
installation standardization and permits 
maximum flexibility. MeetsNEC requirements. 
Approved by the California Energy 
Commission. 

Ground FaultRotectoisare now available for 
solarpanelsand can be installed in the MPS. 




http://www.tiBceengineeiing.com 



ORDER TRACE ENGINEERING'S FREE 
FULL UNE CATALOG & DESIGN GUIDE 
FROM YOUR LOCAL SUPPUER 



TRACE ENGINEERING 

5916 195th Northeast, Arlington, WA 98223 
Phone: 360-403-9513 • Fax: 360-403-0541 



TracE 



[ENGINEERING! 



Micro Sine 




Micro Sine Module 



Trace Engineering is leading the way once 
again with our new miniature utility 
interactive inverter— the Micro Sine 
Module. Designed to fiton the backof an 
ind ivid ua I PV sola r module. This tota lly 
weatherproof inverter produces utility- 
grade powersuitable for supply to a 
power distribution grid. MeetsNEC 
requirements- ELIisting pending. 
Ust$345. 





SW 4024 - List $3,410 



New Series II Design 

Don't settle for less! Used with utility 
interactive systems worldwide. Features 
include an easy to use programming 
system with separate "User" and "Setup" 
menus. Battery Charger with high 
efficiency, low current distortion design 
enables higher charger output from small 
generators. Output of these inverters is so 
clean that they a re approved for utility 
interconnect. MeetsNEC requirements. 
Approved by the California Energy 
Commission. 

SW models a re available in utility 
interactive and stand alone 
configurations. Auto genera tor start, 
battery voltage transfer mode, and PV 
power point tracking are all available. 54 
microchip options. DR, UX, SW & MPS 
Series a re Ell listed - standard UL 1741. 

Ust $2,585 to $3,970 









Solar Water Pumps 



Economical water supply 
beyond the power lines 

SunRise® 

Submersible 
Pump for 
Deep Wells: 

5 GPM at 100 ft 
2 G PM at 300 ft 
1 GPM at 600 ft 

Non-submersible pumps for 
surface water sources: 

Solar Slowpump™ 

.5 to 4 GPM, 450 ft max. lift 
Solar Force™ Piston Pump 
3.5 to 9 GPM, 230 ft 
Solar Centrifugal™ 

10 to 50 GPM 

Flowlight® Booster Pump 

Pressurizing to 65 PSI 

Manufacturing since 1983. Exclusive U.S.A. Importer & 

International Sales Representative for SunRise™ by Fluxinos. 

Dankoff Solar Products, Inc. 

281 0 Industrial Rd. 

Santa Fe, NM 87505-3120 • USA 

(505) 473-3800 • Fax (505) 473-3830 
E-mail: pumps@danksolar.com 





HP author Windy Dankoff 
installing a SunRise™ Pump 





INTRODUCING 



Morningstar's 
advanced 
solar lighting 
controller... 
using the 
power of the sun 
to brighten 
the night. 

The SunLight combines the proven SunSaver design with 
a microcontroller for automatic lighting control functions. 

• Digital functions are accurate to within seconds. 

• Capable of switching on light again before sunrise. 



^M°Rningstar 



1098 Washington Crossing Rd. • Phone: 215-321-4457 
Washington Crossing , PA 18977 USA • Fax: 215-321-4458 
Website: www.morningstarcorp.com 




TROJAN BATTERY 

four color 
on film negatives 

7.125 wide 
4.5 high 
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a 

Remote 
Island Resort 









r ten years of planning, Kevin and 
hereseWunrow had located a remote, 
20 mile-long, coral ringed island. The 
island had 16 Fijian villages, no stores, 
no vehicles except a few powerboats, 
and no commercial development. Kevin 
determined that such a remote setting 
could become an educational eco-resort 
with snorkeling, scuba diving, and an 
inside look at the Fiji native culture and 
villages— powered by renewable energy. 
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The Resort Site 

Fijian villagers live well on their own craftsmanship and 
bountiful gardens. The ocean and tropical trees provide 
plenty to eat, but they have little cash income for 
building or paying fees for their children’s higher 
education. The boat or plane fees to the nearest city 
cost more than a day’s wages. 

The people of one village, Somosomo, wanted to 
sponsor the eco-resort. One villager, Pita Bula, realized 
the great benefit of a resort close to the village. He 
leased some of his family property to the Wunrows, at 
the site of an ancient Fijian village that was described in 
Captain Bligh’s logbook. In Fiji, usually only native 
citizens can own land, so the village shares in the resort 
construction, operation, and income. The Paramount 
Chief of the island, who had turned down several other 
offers, approved the Wunrows’ eco-resort plan. 

Estimated Power Needs 

In the fall of 1997, the Wunrow family contacted us, 
seeking solar electric power for their planned Fiji Island 
eco-resort. They were ready to start building. There was 
no power on the island other than a generator or two, 
and one small solar module on a schoolteacher’s 
residence. 

They needed solar electricity for lights, ceiling fans, and 
incidentals in the guest huts. Three or four huts were 
planned, perhaps later increasing to nine or ten. A 
kitchen/bar and dining area would be a more serious 
power draw. They planned to run two freezers, many 
lights, and some other small appliances. Power tools 
would be used for building the resort, including a table 
saw, a small cement mixer, and cordless drills. In the 
future, Kevin intends to add a clothes washer. The daily 
power use projection looked very similar to a typical 
family home, at least for the first stages of operation. 
The list of electrical usage for both construction and the 
first phase totaled about 2.5 kWh per day. 

The System Plan 

We specified an expandable system starting with a 900 
Watt solar array. The array consisted of twelve Siemens 
SP75 modules on Backwoods S-Mounts, and 600 Amp- 
hours (A-h) of 24 Volt deep cycle flooded batteries. We 
selected twelve Trojan T-105s, due to their size and 
weight. We wanted to make it possible to hand carry 
the batteries to the site. 

We chose a Trace SW4024 inverter to supply 120 volt 
ac to all of the buildings via underground cable. 
Although public power in Fiji is 240 volt, the resort 
owners decided to produce 120 volt for the tools and 
equipment they were bringing with them from the US. If 
240 volt capability was needed later on, they could add 
a second inverter. 




Above: Kevin and Therese’s traditional Fijian woven 
bamboo hut with thatch roof. 



The balance of system equipment was fairly simple — 
we used an economical Backwoods Solar Power 
Center Kit. It includes a 24 Volt charge control, battery 
cables, inverter breaker, and adequate metering. The 
kit is based on components from the Trace Power 
Panel, simplified. 

To set up a kit, we start with the Trace DC250 breaker 
box. We add a single C40 charge control and mounting 
bushings. We install a 500 Amp meter shunt, a 60 Amp 
solar circuit breaker, and two DC load breakers. All of 
this equipment conveniently bolts into the pre-punched 
holes in the Trace breaker box. 

In the kit, we also include a TriMetric meter, wiring 
harnesses, wire entrance hardware, and installation kit. 
The installation kit includes a jumper cable from shunt 
to inverter, and a terminal lug for all other negative 
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Above: Installing the almost horizontal PV array of twelve Siemens SP75s. 



our snow by taking a twelve-hour 
flight to Hawaii. Another twelve 
hours, and we had arrived in the 
South Pacific Fiji islands. We were 
15° south of the equator, and across 
the international date line. 

The local island hopping flight was 
repeatedly postponed. Apparently, 
the wet grass runway was too 
slippery for landing. We had to suffer 
several days wait in a deluxe tropical 
motel, eating eggplant parmesan 
and drinking fresh pineapple juice. 
Three days later, we landed on the 
anticipated island. We trekked 
through jungle paths to a beach 
where we began a long powerboat 
ride around the island. We sped by 
coral reefs and past numerous 
villages accessible only by sea. We 
finally beached in an isolated cove 
on the far side of the island. 



connections in the box. With the Trace inverter cables 
added, everything goes together with just a screwdriver 
and wrench. 

The resort already had a diesel back-up generator for 
use in case of extended cyclone weather or equipment 
breakdown. Since the location is 15° from the equator 
with mostly sun-filled days, there should be about 4 
kWh charge received each day of full sun. This allows 
for some expansion of consumption, with little or no 
reliance on the back-up generator. 

Batteries 

We noted experiences that were reported in Home 
Power Magazine from other small resort and monastery 
installations. They indicated that a smaller battery 
capacity tends to give longer battery life, because 
batteries are assured of a full charge in a day’s sun. 
With the anticipated initial power usage, we sized the 
batteries for three days of autonomy at 60% discharge. 
To allow for three days of autonomy, we did not size for 
total recharge of a dead battery in one day as might be 
done in a smaller system. This PV system can charge 
over 200 A-h per sunny day to the 600 A-h battery 
bank. To start, estimated daily usage will be in the 
range of 1 00 Ah per day. 

Across the Equator 

When Kevin asked if I was sure he would be able to 
install the equipment by himself, I joked that if he 
bought me a ticket to Fiji during north Idaho’s winter, I 
would gladly go install the system. The next day, he 
offered to buy tickets. Elizabeth and I escaped some of 



Here, the resort’s first clients would find sandy beaches 
with mangos, coconuts, and huge crabs. There were 
opportunities for snorkeling and scuba diving in 
complete isolation from the commercial world. 

Parts is Parts 

But the resort was not yet built. The PV system 
equipment had been packed in a container and barged 
from Seattle, with piles of building supplies and all of 



Below: Pita Bula (right), landowner and partner in the 
resort, and workers carry T1 05s up from the beach. 
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Twelve Siemens SP-75 
photovoltaic panels 
900 Watts at 24 Volts 



Trace SW 4024 
4 kilowatt sine wave inverter 
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ac Mains Panel 
1 20 vac 
to ac loads 




Bogart TriMetric 
battery 
monitor 



The Wunrows' 
Fiji Island 
Resort System 



Trace DC-250 Breaker Box 
adapted to function as 
a DC powercenter 



Twelve Trojan T-1 05 lead-acid batteries 
wired series-parallel for 400 Amp-hours at 24 Volts 




Two 15 Amp circuits 
to DC loads ^ _ 



15 A 



J \ 



I V 



15 A 




the Wunrows’ worldly belongings. The day before, Fijian 
workers had manually pulled the barge onto shore. 
They unloaded mountains of supplies that stretched 
down the beach, covered under blue tarps. 

This Sandpoint, Idaho family had brought lumber, office 
supplies, leaky tents, a gas stove, spools of 
underground cable — not to mention the sink. There was 
almost every tool that could be found at a discount 
store, and a six-month supply of food. Therese’s piano 
and the harp she had played in the Seattle Symphony 
were also on the barge. First things first, we heard a 
classical piano recital. Then we had dinner 
accompanied by classical harp. 



We were invited to the Fijian village several miles away 
by boat to visit their Methodist church, meet the chief, 
and hear their choir. Amazingly, Fijian villages each 
have a choir that sings religious and classical music, a 
cappella. It’s of professional caliber, with singing 
competitions between the villages. 

Mounting the PVs 

Early the next morning, Elizabeth and I awoke with the 
sun. The solar electric system components were hiding 
somewhere among those piles. We located the 
modules and mounts, and carried them up the 
mountain. Before the others awoke, we assembled and 
wired the array. Then, we installed the modules on the 
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Above: The finished PV array with the South Pacific in 
the background. 

S-mounts. These mounts are designed for a roof or 
wall, the intended permanent location for the modules. 
However, the building that was intended to house the 
PV system would not be constructed until next month. 

To withstand local cyclone possibilities, we had to 
create a temporary power system structure. We found 
treated 4 by 6 inch posts among the building supplies, 
and designed a ground mount that would be secure. 
We made sure that it had a slight northern tilt, optimum 
for solar at 1 5° south of the equator. 

Hard Workers 

Shortly after Elizabeth and I had wired the array, we 
were delighted to see the village workers arrive. They 
joyfully began carrying the twelve batteries up the steep 
ridge. These folks can really get some work done fast. 
They used long machetes to clear five to six foot tall 
brush. They cleared half an acre of pathway and 
created a solar mounting site. Then they dug the holes 
and installed the eight posts for the solar mounts. 

The huge spools of 6 gauge, three-wire underground 
cable seemed way too heavy to move by hand. While 
we calculated the lengths to cut from the spools still on 
the beach, two villagers just picked up a whole spool. 
While singing, they carried it up to the power site. In 
one day, the construction crew had a temporary 
screened kitchen and dining building set up. This 
included a gas stove, sink, ac outlets, seven compact 
fluorescent lights, and a Vestfrost freezer. 

A temporary plywood shed was set up to house the 
batteries and inverter. We had the power center 
installed in the shed and functioning by the end of the 

30 



day. At first, we could not find our TriMetric meter, so we 
temporarily bypassed the shunt to get the system 
functioning. By evening, someone had unpacked more 
of the piles. The TriMetric surfaced and was added to 
the system. 

We laid power cables back down to the kitchen by 
rolling the spool down the ridge of the mountain. By 
dark, the freezer was operational. Compact fluorescent 
lights replaced candles and flashlights for our second 
evening meal, which included cold drinks. 

Freezer Performance 

Though freezers would later become important for 
operation of the resort, the immediate need was for 
refrigeration of food and drink. Considering this, the 
owners selected two Vestfrost 7.5 cubic foot chest 
freezers. These have 4 inches of insulation with good 
energy efficiency. With a -5°F setting in the freezer, 
power consumption is 1 80 watts. Compressor run time 
measures 2.4 to 4.6 hours a day. This is between 430 
and 828 watt hours per day consumption. Both the 
compressor run time and consumption depend on room 
temperature. 

Makeshift Chest Refrigerator 

One of the Vestfrost freezers was temporarily converted 
to a refrigerator, as the construction crew had an 
immediate need for cold beer and for keeping leftover 
food. We wired an industrial ac thermostat to an 
inverter-powered outlet for the freezer, with the 
thermostat in series with the hot lead. We mounted the 
thermostat on the wall above the freezer. We inserted 
the temperature sensing probe inside, through the 
gasket, on the rear hinge of the lid. 

Below: The control center including the modified DC 
disconnect box. 
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Above: Therese Wunrow is jazzed 
by her new Vestfrost freezer. 



The new thermostat was set to 38 °F, 
a higher temperature than the built- 
in freezer control. This thermostat 
had first control as the unit cooled 
down, and kept the Vestfrost at 
refrigerator temperatures. Power 
consumption is much lower when 
functioning at refrigerator 
temperatures, rather than working 
as a freezer. Unfortunately, we did 
not have equipment to actually 
measure running time in Fiji. 

Later, the Vestfrost may be 
converted back to a freezer just by 
plugging it into a different outlet. 
This was an effective and low-cost 
solution for flexible refrigeration 
needs. It might be a good solution 
for anyone who can use a low-cost, 
low-power chest refrigerator. Note 
that the unit cools from all sides 
internally, and cannot be made part 

Initial Resort Loads 

# 



freezer and part refrigerator. The 
thermostat we used is part number 
2E740 from Grainger, and costs 
about $45. 

Efficiency 

We recommended using one-hour 
wind-up timer switches for the guest 
huts, so that fans and lights won’t be 
left running when the huts are 
vacant. These have been used in 
many solar homes for both children’s 
lights and outdoor lighting. 

I noticed that some motels in Fiji 
have devised a better solution for 
energy savings. After entering your 
room, your room key is inserted into 
a slot inside the door which enables 
power to the room. When the key is 
removed by a departing guest, 
power to the room is disconnected. 

Cordless Catastrophe 

During the first night, the carpenters 
plugged in a Makita cordless drill 
charger. We know that these 
appliances tend to melt down with 
non-sine wave inverters. Since this 
inverter was sine wave, it should 
have worked. However, in the 
morning, the battery was melted! 
Unfortunately, it was only one of two 
drill batteries on the island. I noticed 
that the charger had caused the 
inverter to cycle on and off after the 
lights had been turned out, as it was 
too small of a load. At first, I thought 
that may have overridden the charge 
control built into the Makita unit. 
Then it was discovered that the night 
rains had completely flooded the 
circuit board inside the Makita 
charger. This was likely the cause of 
destruction of the battery. 




Above: Authors Steve and Elizabeth 
Willey suffering in Fiji. 



System Performance 

The morning sun began charging 
the battery bank at about 22 Amps, 
and had replaced the evening’s 
power use before noon. This was 
rainy season, with sun coming and 
going, so I estimated that the 
balance would be close after the 
second freezer gets connected. It 
should support the construction tools 
as well as lights and refrigeration for 
the crew, but more modules might 
be needed when the resort begins 
receiving guests. 

Our flight home left later that day, so 
no further observation was possible. 
I guess we will have to go back 
sometime to read those meters 
again, perhaps when snow begins 
falling here in Idaho. 

Access 

Author: Steve Willey, Backwoods 
Solar Electric Systems, 1 395 Rolling 
Thunder Road, Sandpoint, ID 83864 
208-263-4290 
info@backwoodssolar.com 
Web: www. backwoodssolar.com 

Resort: Kevin Wunrow, Nukuyaweni 
Outpost Resort, Private Mail Bag, 
Suva, Fiji Islands, South Pacific 

♦ 



Item 



kWh/day 



% 



Tools, construction, or first 4 guest huts lights/fans 



1.00 



41 .5% 



Vestfrost Freezer 



0.75 



31.1% 



Compact Fluorescents,15 w for 4 hours 



0.36 



14.9% 



1 Vestfrost Freezer converted to refrigerator 



0.30 



12.4% 



Total kWh Daily 



2.41 
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Jternative 
.Solar 

'roducts, Inc. 




A proud partner with: 




BP SOLAR 




1-800-229-7652 







We are currently welcoming applications 
for our BP Solar Dealer Network 
Complete dealer support: engineering, 
marketing, sales leads, knowledgable staff 
Single line solar distribution - Offering the 
world's most efficient solar modules by BP Solar 
Join the fastest growing team of successful 
renewable energy dealers in the world 
Pre-engineered Utility Interactive Systems 



Fax 909-308-2388 

27420 Jefferson #1 04B 
Temecula, CA 92590 
E-mail: mark@alternativesolar.com 
Visit our website: 
www.alternativesolar.com 






I t was a bright and calm spring 
morning. Two shadowy figures 
emerged from an unmarked van. It 
was so plain, so ordinary, that if anyone 
had been around, they would not have 
noticed the activity on the otherwise 
deserted city street. 

One person was carrying a long case with a handle. 
The form quietly stepped across the sidewalk and 
glanced in both directions. In a graceful, practiced 
manner, a key was eased into the lock of the building. 
The figure slipped inside so quickly that it seemed as if 
no one had even been there. 

The other person moved cat-like, gently closing the side 
door of the van. In through the unlocked door of the 
building, the second was soon behind the first — 
carrying a thin but somewhat unwieldy cardboard box 
about four feet square. It was carried as if it were 
precious cargo, like an expensive 17th century painting 
by one of the masters. The door clicked shut, and 
locked. 

They were pros. This was guerrilla solar. 



Chapter One 

Earlier this year, we made a toll-free phone call to 
Alternative Energy Engineering (AEE) in Redway, 
California. A new solar product was on the market, and 
we were excited to check it out. We ordered the new 
“AC Module.” This 108 Watt 24 Volt PV panel has Trace 
Engineering’s Micro Sine inverter glued to the back. 
The inverter box on the module back is not much larger 
than the junction box itself. The inverter is pre-wired into 
the module’s junction box, and has a long, thin, four- 
wire cable coming out of the side. A standard wall plug 
is wired onto the end of two of the wires, and then 
inserted into an ac receptacle inside the building. 

Our intentions are honorable, but less than legal. We 
did not tell the utility that we were going to feed 
homemade electricity back into their power grid. This 
wasn’t a decision arrived at lightly. Any revolutionary 
action should have all of the potential consequences 
weighed carefully before proceeding. In this case, we 
knew the risks would be minimal — unlike blockading a 
nuclear power plant where arrest was likely. We felt that 
the worst scenario would be the utility shutting off our 
power until we de-installed the illegal PV system. 

Safety Isn’t the Issue 

Every utility puts high priority on making things safe for 
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their line workers. However, utility management has 
begun to use safety as an excuse to make it difficult for 
us to install intertie RE systems. The power industry 
doesn’t fear lack of safety, they fear the revolutionary 
renewable energy movement. They fear that they will 
slowly lose control over their one-hundred-year power 
generation monopoly. They have good reason to fear 
people like us, but they can only delay the inevitable. 

At a minimum, utilities require an expensive, lockable 
disconnect to keep your power out of their grid while 
they are working on it. The supposed problem is that a 
PV system feeding power to the grid could keep doing 
so when the grid goes down. This would put the line 
workers in jeopardy of being shocked when they are not 
expecting live powerlines. But modern intertie inverters 
are designed to sense the presence of grid power, 
shutting off when the grid does. 

Imagine that there are two intertie systems in a 
neighborhood. When the grid goes down, what if they 
sense each other and continue feeding power? What 
happens if the load in the neighborhood is equal to 
what the inverter can put out? When an inverter 
continues to run when the grid goes down, it’s called 
“islanding.” PG&E, a California utility, ran extensive 
tests on Trace’s SW series of intertie-capable inverters. 
They found no circumstances where these inverters 
would continue running when the grid went down — they 
do not island. Yet utilities, even PG&E, continue to 
require a disconnect on every intertie system installed. 
You know the real reason why. 

Some utilities also require multi-million dollar insurance 
policies on the intertie. Those two requirements are 
often enough to discourage folks from installing on-grid 
systems. 

Is this fair? Is it OK? No, and it rubs us just wrong 
enough to decide to do it without permission, without 
disconnects, and without additional insurance. Hence, 
guerrilla solar. 

The Installation 

Our installation was easy and fast. We lag-screwed a 
length of 1/4 by 2 by 2 inch steel angle iron straight up 
the side of our building. We left enough length above 
the roof line to be able to seasonally adjust the module 
tilt. Then, we bolted the backing from a pole mount rack 
to the AC Module, leaving out the part that would 
normally fit over the pole. Since our building faces 
nearly south, we were able to bolt the rack directly to 
the angle iron. 

Not being engineers who can calculate wind loads on 
paper, we field-tested the mounting system. We wiggled 
it back and forth as if it was blown by a gusty wind. 
There was too much flex in the hefty angle iron, 




Above: The Micro Sine on the back of the 24 Volt PV. 



because it extended a fair distance above the topmost 
lag screw. We added a brace from the top of the post to 
the side of the building. This created a solid triangle 
supported in the direction of likely wind load. With the 
brace, the angle iron barely moved when we pushed 
hard against the module. We were satisfied. 

Next, we cut the inverter output cable. We rewired it 
through a waterproof box mounted just below the 
module. This way, we can remove the AC Module 
without having to deal with the long cable that snakes 
down and through the outer wall. We put a standard 
household plug on the two ac output wires at the inside 
end of the long four-wire cable. 

We (Kinda) Inform the Utility 

As we were working on the installation, a utility line 
crew showed up to work on some underground cable in 
the alley below. The next time we had to go down to get 
more hardware, we stopped to say hello to the 
hardhats. We took the opportunity to point up to the 
newly-mounted PV module and said, “Look, friends, we 
are putting up a solar panel.” Their reaction was 
predictable. They looked up with slight curiosity, while 
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Wiring the Trace Micro Sine 




I 1 RS232 serial port outlet 

Two PV modules wired for 24 Volts to DOS computer 

some nodded and some grunted a minor interest. They 
looked back in their hole, went back to work, and left us 
to our task. 

So, we had shown the utility our illegal installation. 
Would telling their worker bees be enough to satisfy the 
utility that we had done proper notification? Would word 
of our illegal system likely find its way back to utility 
management? No, but it was enough to give us a great 
anecdote while spreading the tale of our guerrilla solar 
electric system. 

Below: Logging data. 





Above: Just plug it in! 



The Other Two Wires 

We plugged it in, and our installation was fait accompli. 
We wanted to find out if it was working, but how could 
we tell? 100 watts peak, in a serious load like our 
building has, wouldn’t show a noticeable reduction in 
the wheel speed of the utilitie’s kWh meter. We could 
have temporarily put an amp meter in series with one 
leg of the wire, but there was another method available. 

Every Micro Sine inverter has an internal data collector. 
It doesn’t matter whether the inverter is mounted on an 
AC Module or not. It tracks real-time DC module 
voltage, ac output voltage, current, watts, and total watt 
hours. It also measures the temperature where the 
inverter is glued to the PV module. An optional serial 
port computer interface module is available with special 
software to access the data. The second set of two 
wires coming out of the inverter hook up to this 
interface module. 

Tech Non-support 

Unfortunately, the software that came with the module 
is only for PCs, and not for Macs. It runs under MS- 
DOS, but is not Windows-based. We installed it on a 
Pentium laptop and ran it in DOS mode. We hooked up 
the interface, but could not get the software to find the 
inverter. We had a bad experience calling and emailing 



Guerrilla Micro Sine Data (Since April 10, 1998) 



Date & Time 


Aug. 12, 10 a.m. 


Aug. 13, 1 p.m. 


Weather 


overcast 


clear 


Total watt-hours 


46,896 


47,354 


ac volts 


123 


123 


ac amps 


0.074 


0.601 


ac watts 


9 


73.8 


DC Volts 


33.3 


31.3 


Temperature °C 


18.5 


49.2 
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Trace to find out the scoop. We asked the voicemail 
tech support to call back with information on the 
Windows version of the software that was supposed to 
be available. All in all, we left three messages in three 
different voice mailboxes, but no one ever called back. 

Email was answered, but the person who replied didn’t 
pay attention and answered the wrong question. Finally, 
the light bulb went on — a Trace rep told us that the 
software for Windows was not available. Trace, if only 
your tech support matched the quality of your 
equipment. Hopefully, under Trace’s new owners, tech 
support will improve and the equipment quality will not 
suffer. 

Contrary to what we were told, we had heard from a 
couple of other sources that Windows software was 
available. These inverters had been around for a while 
before Trace picked up the US rights. They are not 
Trace-designed inverters; they were designed and 
originally marketed by OKE-Services in The 
Netherlands. 

We did a search on the World Wide Web. Soon, we had 
the software. We loaded the program on a Pentium 
laptop. OKE had delivered the US version of their 
software, but we still couldn’t get it to work. We gave up 
on finding the Windows software. 

In the meantime, we had successfully installed the 
DOS-based software on an ancient 80286 portable 
computer that belongs to a comrade. It ran like a 
champ, giving access to all of the inverter functions and 
information that can be had through the software. It 
turns out that the software and interface is capable of 
collecting information and managing the online status of 
lots and lots (127) of these inverters, not just our 
measly 100 watt system. Additionally, OKE publishes 
the information on how to access the data 
communication functions of the inverter, so that folks 
with technical capabilities can write their own software 
to do more and better data logging. 

The Data 

There it was on the computer display, proof that the 
guerrilla solar electric system was making power. And 
hang the utility — it was done safely for the line workers, 
and safely for the building. 

After four months of use, the AC Module has offset 
47,354 watt-hours of consumption in our building. It’s a 
small amount — at ten cents per kWh, that’s less than 
$5. It would take a lot of time to make up for our 
expenses, but we are not really interested in payback 
time. We are interested in contributing our fair share to 
a more just, distributed power system. Oh yeah, we 
also get a kick out of pulling one over on the utility. 




Above: Freedom on the roof! 



Yesterday started very overcast, and the inverter was 
putting out only 9 watts. Today after the fog burned off, 
we have seen close to 75 watts. On a sunny day with 
no haze, we have seen it put out just above 82 watts. 

AEE says that the inverter will handle up to 130 Watts 
of PV, and that the UL listing should be complete and 
on any inverters manufactured after August, 1998. On 
the OKE website, it says that their 300 watt inverter “is” 
due out in 1997, but there is no indication of availability 
yet. In fact, that web site hasn’t been updated since 
August, 1996. 

Guerrillas Unite! 

You can do this too. We hope you do — and we want to 
hear about your experiences. The Micro Sine inverter is 
not the only way. The same thing can be accomplished 
on a much larger scale. We’d like to try a Trace 
SW2512 inverter, an array of eight or more 100 Watt 
modules, a small battery bank and charge controller for 
when the grid is down, and, of course, the appropriate 
fusing and breakers. 

Our flat roof is wide enough to hide the array from nosy 
utility employees and building inspectors on the ground. 
That brings up the last, very important point. Most legal 



Guerrilla Solar Costs 



Item 


Cost 


% 


AC Module 


$895 


79.3% 


OK485 Communications Adapter 


$125 


11.1% 


Scavenged Mount 


$65 


5.8% 


Angle Iron 


$27 


2.4% 


Miscellaneous Hardware 


$17 


1 .5% 


Total 


$1,129 
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intertie systems are over-built in order to satisfy the 
rules of the utilities and the needs of building 
inspectors for unreasonably full NEC compliance. 
Our small system would satisfy neither, but is very 
safe with its built-in protection. It’s up to any 
guerrillas installing larger systems to take the 
necessary safety steps, just like a well-designed off- 
grid system. Don’t worry about the utility, these 
inverters are safe. 

Access 

Authors: (Hah! Did you think it would be that easy?) 
Send email to hp@homepower.com and HP staff will 
pass it on when we check in. 

Alternative Energy Engineering, PO Box 339, 
Redway, CA 95560 • 800-777-6609 
energy@alt-energy.com 
Web: www.alt-energy.com 

OKE-Services • Web: www.euronet.nl/users/oke/ 

Trace Engineering, 5916 195th St. Northeast, 
Arlington, WA 98223 • 360-403-9513 
Fax: 360-403-0541 
Web: www.traceengineering.com 






Solar Farmhouse™ 



Standard 

Features 

of a New England 

Solar Home 

• Generous 
unobstructed 
south-facing 
roof area 

• Passive solar 
configuration 
w/ dedicated 
sunspace 

•Open 

light-filled 

interiors 



Contemporary sunlit homes 
that you can build today! 



For our free brochure contact us at: 

New England Solar Homes 

1 8 Porter Street 

Somerville, MA 02143 

tel 617 628 0852 fax 61 7 628 9545 

email nesh@ecobuild.com web www.ecobuild.com 



• Standard & 
Custom Plans 
can be quoted 
for shipments of 
stress skin panel 
or pre-fab 
homes 

Plan Set Options: 

1 Standard Plans 

2 Std. Plans 
Customized 

3 Full Custom 

Call or write for 

price list. 




Authorized Distributor 



Introducing the BEST VALUE ($/W) of any PV module anywhere 



MILLENNIA™ MST-43/LV 

is a new high quality, low cost PV module 
for rural electrification projects. Heavy 
duty frame with junction box. UL Listed. 

For special introductory dealer pricing call 

1 -800-899-7978 (SWPV) 



Authorized Distributor 

You will be 
surprised at the 
Quality & Price! 



212 E. Main St. 
TomballjTX 77375 



Phone:281-351-0031 Fax:281-351-8356 e-mail: swpv@southwestpv.com 
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SOLAR FOR THE 
NEXT CENTURY 




SOLAREX 



ELECTRICITY 










Take Your First Step to Electrical 
Independence with Millennium’s 
Personal Power Systems 

• Designed for use with or without 
Utility Power 

• Complete and easy to install 

• Easily expandable as your needs grow 

• Quality-certified components 
offering the best value 

•Tomorrow’s technology today 

• Free Design Guide 

• Why pay more? Buy Direct 



MILLENNIUM POWER SYSTEMS 

TEL: 410-686-6658 
FAX: 410-686-4271 
E-MAIL: mail@offgrid.com 
WEB-SITE: www.offgrid.com 
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EXPERTS IN POWER CONVERSION PRODUCTS 

800-AC POWER 

WWW.VANNER.COM 



Serious About Solar Ppwer? 



VANNER 



So are we, 

that’s why we’re building 
pure sine wave power 
inverters for a real 
alternative in 
alternative energy. 



BACKWOODS SOLAR ELECTRIC SYSTEM 

- 94 ?/' a// (Sartfy (/tex/ored and a 6 ffb/'/d at d&aw 

Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro 

We are a family business, living with our products for over 20 years, and offer the knowledge to help you set up 
your energy system. Free Consultation. Questions are personally answered. 



P 



_ Our $3 CuMhg/plmiiiliig guide 
, isFREE to Home-Power r&iil era. 




Our catalog includes a planning guide to help you 
understand how to put your energy system 
together — its applications and sizing. We offer 
lower than usual prices on Solarex and 
Siemens PV modules and Kohler 
generators. Our Trace inverters include free 
battery cables. We carry Sun Frost and v 
Nova Kool refrigerators, specialized - 

appliances and lighting, and a range 
of meters and controls: Heliotrope, 

SCI, Pulse, TriMetric, and our 
own Backwoods control boxes. 

Most items in stock for immediate shipment. We accept VISA, MasterCard, American Express, and Discover 

Steve & Elizabeth Willey • 1395-HP Rolling Thunder Ridge • Sandpoint, Idaho 83864 
Phone: (208) 263-4290 • Fax: (208) 265-4788 • E-mail: info@backwoodssolar.com • Web: www.backwoodssolar.com 
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Solar Sell. 



AstroPower solar cells are an easy sell. Quite simply, 
we supply the best value in solar cells and power modules. . .anywhere. As a market-driven, 
product-oriented company, we focus exclusively on supplying the solar products you need, at 
the best price. 




Solar Cells 

AstroPower’s AP-105 and AP-106 solar cells are high-efficiency five and six inch 

single crystal solar cells, respectively. They are the largest and most powerful 
solar cells available today, rated between 1.5 and 3.3 watts each. Our new 
APex™ six inch polycrystalline silicon solar cells use our patented Silicon- 
Film™ technology for high-speed, large-area fabrication of solar cells at low 
cost. Large solar cells are more cost effective. 

PV Modules 

AstroPower’s PV modules are available in rated powers up to 120W P eak, and are 
the perfect solution for home power applications. The modules utilize industry 
standard construction techniques, and are certified by both Underwriters 
Laboratories (UL 1703) and international (1EC 1215) specification. 

Panels 

These products are designed specifically for systems requiring large arrays. 
AstroPower’s panels provide the largest increment of pre-tested, pre-wired 
power available on the market- up to 480 watts per panel- and they can 
still be handled and installed by two people. Uncrate them, mount them, 
plug them in, and you’re up and running. . . much quicker and easier than 
field assembly. 





For more information about AstroPower or any AstroPower products, 
please call 302*366*0400 or e-mail us at sales@astropower.com. 




AstroPower 

J. KO bO FFAUX* 



The Large Solar Cell Company 

Solar Park Newark, DE, USA 19716-2000 • Tel: 302-366-0400 Fax: 302-368-6474 




H ydrogen gas (H 2 ) 
can be used for 
cooking, water 
heating, space heating, 
electricity generation, 
welding and cutting, and 
the synthesis and 
purification of other 
chemical materials. When 
hydrogen is made from 
water and renewable 
energy resources such as 
PV, wind, or microhydro, 
we refer to the produced 
gas as “solar-hydrogen.” 




Above: Electrolyzers driven by photovoltaics. 



Solar-hydrogen is a sustainable carbon-free gas. It can 
release heat when burned with air or oxygen, or 
produce electricity when combined electrochemically 
with oxygen in a fuel cell. When solar-hydrogen is made 
or burned, there is no carbon monoxide, carbon dioxide 
“greenhouse gas,” or hydrocarbon pollutants produced. 

This article discusses hydrogen purification as a 
prerequisite to storage or utilization, and covers safety 
considerations in home power applications. 

Where Does Hydrogen Gas Come From? 

1. RE Electrolysis of H 2 Gas 

We use PV electricity to run an alkaline electrolyzer to 
produce hydrogen gas. Unfortunately, we do not have a 
creek or other water resource nearby for micro-hydro 
electricity production. We could really use it during the 
rainy season when there is less solar insolation. Since 



we are located on a hillside in an urban area, a wind 
generator tower would not be a welcome addition to our 
neighbors’ view. With this in mind, we use PV electricity 
as the exclusive renewable power source for our 
hydrogen plant. 

Solec 50 peak-Watt PVs (A, see diagrams on pages 43 
and 45) are arranged in eight panel arrays. They are 
wired in series-parallel for 24 Volts. Three of these 
arrays, totaling 24 panels, will produce sufficient power 
to run our Hydrogen Wind twelve-cell electrolyzer at 
nearly its rated 1 kW capacity. 

Our Hydrogen Wind electrolyzer (B) is shown in the 
diagrams with its associated purifiers and storage 
tanks. For more information on the production of 
hydrogen by electrolysis and hydrogen storage, see 
HP39 and HP59, respectively. 
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2. Industrial Cylinder H 2 Gas 

We can buy hydrogen gas in high pressure cylinders 
from a welding supply house. The industrial grade is 
about 99.5+% pure hydrogen. It may have a few parts 
per million of hydrocarbons, water vapor, helium, 
oxygen, and nitrogen contaminants present. These 
cylinders come in four volumetric sizes, and have 120 
to 240 bar (1800 to 3500 psig) pressure ratings. The 
most common cylinder size is six cubic meters (215 
cubic feet). Most industrial hydrogen is made by steam- 
reforming natural gas. 

In the past, we bought hydrogen 
cylinders and used them in our shop 
Now that we make our own gas, 
we rarely have to purchase it. 



Hydrogen Production Flow Diagram 



Hydrogen Gas 



T 



Hydrogen Gas 



I 



Hydrogen 

Purifier 



Oxygen Gas 



Oxygen 

Purifier 




T 



Electric 

Power 

Controller 



B 



Electrolyzer 



3. High Purity Industrial H 2 

There are several higher purity grades of 
hydrogen available for research and 
metallurgical processing purposes, when 
contaminants must be minimized. One is the 
“pre-purified grade” with minimum purity of 
99.95%. This grade contains less than 20 ppm 
oxygen with a dew point of less than -59 °C 
(-75°F). This quality of hydrogen is often 
referred to as “3-nines.” 



Below: The Double-Bubbler™ removes particlulate 
matter and KOH from the hydrogen gas by passing 
through a column of water. 





it 



Makeup 

Water 

Purifier 



Another high-purity hydrogen, the “ultra-high purity 
(Gold Label) grade,” provides 99.999% molecular 
hydrogen. Sometimes this is called “5-nines” purity. For 
those who demand the best, there is “Research Grade”. 
This grade has even fewer impurities, and is available 
in small lecture bottles. 




4. Cryogenic Liquid H 2 

Liquid hydrogen is primarily used as rocket fuel or for 
large industrial sites. The only significant impurity is 
helium. We have never used liquid hydrogen for home 
applications, because special tanks are required. The 
cryogenic tanks have dual walls. The space between 
the walls is evacuated and filled with radiation reflective 
multi-layer insulation. Some experimental cars have 
been run on liquid hydrogen. 

6. Common-duct Hydrogen-Oxygen 

Common-duct hydrogen-oxygen welding gas is 
commonly referred to as either Rhodes’ gas or Brown’s 
gas. This gas consists of hydrogen that comes from a 
“common-duct” electrolyzer, mixed with oxygen. It is 
VERY dangerous. H 2 + 0 2 mixtures should NEVER be 
stored. Common-duct electrolyzer hydrogen is not 
suitable for use in hydrogen fuel cells, catalytic heaters, 
or diffusion burners. 

The only sensible application for common-duct 
hydrogen is to run welding and cutting torches. When it 
is used in this manner, there is no storage and the gas 
is consumed as it is made. 
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Hydrogen 




Above: The Double-Bubbler™ and purifier system. 



What Contaminants May Be Present in H 2 ? 

1. Solid Particulate Contaminants in H 2 Gas 

It is possible to find entrained particles of dirt and rust in 
a hydrogen electrolyzer’s product stream. Some 
electrolyzers have steel or iron alloy containers, valves, 
and piping. This metal may produce low levels of rust 
particles over time. Electrolyzers frequently use high 
surface area electrode materials such as nickel that 
may lose small particles into the electrolyte. 
Sometimes, particles of either plastic or sealant will 
enter the electrolyte system. This happens due to poor 
housekeeping during manufacturing or repair. These 
particulates can be removed from your hydrogen gas 
stream with an appropriate scrubber or filter. 

2. Liquid Contaminants in H 2 Gas 

Electrolyte is the normal liquid contaminant in an 
alkaline electrolysis system. In this case, it is water plus 
potassium hydroxide (KOH). A small amount of KOH 
and water escapes from the electrolyzer with the flow of 
hydrogen. An aerosol of fine electrolyte droplets is 
produced as bubbles of hydrogen gas rise to the 
surface of the liquid electrolyte and then pop. The same 
thing happens on the oxygen side of the electrolyzer. 



In our Hydrogen Wind electrolyzer, there is another 
source of KOH/water aerosol hydrogen contamination: 
electrolyte-wetted float valves that control the discharge 
of gas from the unit. Any other liquid contaminant in the 
hydrogen gas would be unexpected. A coalescing filter 
can remove solids and liquid KOH/water aerosol 
droplets. 

3. Gaseous Contaminants in H 2 Gas 

Under certain conditions, we find gaseous 
contaminants such as oxygen, nitrogen, argon, and 
water vapor in our hydrogen gas. 

Oxygen, nitrogen, and argon are present in normal air. 
When all three of these gases are present in the normal 
proportions, an air leak into the electrolyzer or its piping 
has occurred. However, this is rare. Usually, this is seen 
only at startup of the electrolyzer when purging or 
evacuation is imperfect. It also can happen when there 
are significant leaks in either the cells or in the 
interconnecting piping. Once the electrolyzer is 
operating above atmospheric pressure, no outside air 
will leak inside. However, some hazardous electrolyte 
may leak out if there are any poor seals. See HP39 for 
safety information on handling alkaline electrolyte, as 
KOH is very corrosive to skin and eyes. Nitrogen and 
argon are not a safety concern, as they are inert gases. 
Oxygen is the contaminant of primary concern. 

Water vapor is always present in a KOH/water 
electrolyzer. The gas vapor space of each cell is 
saturated with water above the electrolyte. The 
concentration of water saturation is governed by the 
temperature and pressure in that environment. The 
objective in a purifier system is to remove excess water 
vapor. This prevents condensation from occuring 
downstream, with subsequent flooding of other 
components. The presence of some water vapor in 
hydrogen that has been purified for storage in pressure 
tanks is not harmful — as long as a compressor is not 
used. The presence of water vapor in stored hydrogen 
gas slightly reduces its flammable limits in oxygen or 
air. Our electrolyzer produces gas under pressure, 
between 0.1 and 4 bar (1 to 58 psig), depending on 
storage tank pressure. 

What are the Methods for Purifying H 2 ? 

1 . Scrubbers for Particulate and KOH Removal 

Hydrogen gas that is contaminated by KOH/water 
electrolyte can be scrubbed by passing it through a 
water column in a Double-Bubbler™ (C, see diagram 
on page 45) to remove the KOH. 

2. Catalytic Recombination Purifier to Remove 0 2 
Impurity 

The catalytic recombination of hydrogen and 
contaminant oxygen is usually accomplished at room 
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Hydrogen 



Walt Pyle’s Hydrogen Production System 



4 Bar Relief Valves / Vents 



Pressure Gauge 



Pressure / Vacuum Gauge 



Storage Tank 
Pressure / Vacuum Gauge 



Vacuum 

Pump 



Relief Valve 
4 Bar 




Vent 



DC Power Source 
(Twenty-four Solec 
50 Watt PV modules 
wired for 24 Volts) 

temperature or higher, and results in the formation of 
water vapor, which is easily removed if necessary. 
These gases are recombined in a ratio of two parts 
hydrogen to one part oxygen. Complete removal of the 
undesirable oxygen impurity can be done in the 
presence of a stoichiometric or greater quantity of 
hydrogen. 

The larger the volume of oxygen impurity present, the 
higher the catalyst temperature will be for a given flow. 
This happens because the formation of water releases 
heat. 

Usually, the catalysts that are used for removal of the 
oxygen impurity from hydrogen (or vice versa) are 
based on platinum group metals (PGM). Thin films of 
PGM are supported on the surface of alumina pellets. 
The catalyst pellets are contained by screens in a 
section of pipe. The hydrogen gas flows through the 
pipe as it is being treated. 

The catalyst will not work while wet. Care should be 
taken to avoid water condensation on the catalyst. If it 
becomes wet, simply dry it out before using. Removal 
of oxygen from hydrogen is called deoxygenation. Our 
catalytic recombiner (D) was designed to be capable of 
removing up to 3% oxygen from a hydrogen production 
stream, reducing the oxygen content to less than 1 
ppm. 

3. Polymeric Hollow-fiber Membrane Purifiers 

Polymeric membranes employ the principle of selective 
permeation to separate gases. Each gas has a 
characteristic permeation rate. This rate is a function of 
the ability of a gas to dissolve and diffuse through a 
membrane. This allows “fast” gases like hydrogen to be 
separated from “slow” gases like oxygen. Some 
membrane separators use bundles of tiny hollow fibers 
inside a containment vessel or pipe. 

During the process, a differential pressure develops 
across the fibers. This pressure drives the flow of the 
faster gas through the wall of the fiber. In this example, 




Pressure / Vacuum Gauge 

G 



Sample Valve J ~ , „ 

irTk 0x yg en 

WW == K r J Impurity 
Meter 



Water 

Drain 

Valve 



2nd 

Flash-back 

Arrestor 



the faster gas is hydrogen. This results in the 
production of a purified hydrogen stream called the 
“permeate.” To accomplish an efficient separation, the 
differential pressure must be 8 bar (100 psig) or greater. 
Monsanto makes this type of purifier for industrial 
hydrogen recovery under the Prism and Permea 
trademarks. At this time, they do not offer a purifier 
small enough to be used in a home-sized hydrogen 
plant. 

4. Palladium-Silver Membrane Purifiers 

Ultra-pure hydrogen can be obtained by diffusion 
through palladium alloys. Palladium is unique: it is 
extremely permeable to hydrogen, and it can store up 
to 1000 times its own volume of hydrogen! The 
mechanism of hydrogen diffusion through palladium 
alloy has six steps: adsorption, dissociation, ionization, 
diffusion, reassociation, and desorption. Johnson- 
Matthey, Inc. and Teledyne Wah-Chang manufacture 
membranes of this type. 

Almost no hydrogen will flow through the membrane at 
room temperature. Operating conditions required for 
palladium alloy membranes include temperature of 
approximately 200 to 800°C (392 to 1472°F) and 
differential pressure across the membrane of 3 to 12 
bar (44 to 180 psig). 

In our renewable energy system, we did not have 
energy to spare for heating the purifier. In addition, our 
electrolyzer did not produce sufficient pressure to 
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Hydrogen 




Above: The relief check valve, pressure/vacuum gauge, 
and tops of a flash-back arrestor and coalescer. 

operate a palladium membrane separator. A solar 
thermal source could be used to heat a palladium 
membrane purifier and reopen this option. 

This a very attractive method for simultaneously 
removing water and oxygen from hydrogen. It is also 
the most expensive hydrogen purification option 
reviewed. We priced one for our 1 kW hydrogen 
generation plant and found a small lab-sized palladium- 
alloy membrane purifier for about $2000. This is the 
purest hydrogen gas available, 99.999999% purity. Yes, 
that’s “8-nines.” Oxygen cannot pass through the 
membrane, so safety is increased for hydrogen gas 
storage when these membranes are used for 
purification. 

5. Hydrogen Dryers for Removing Moisture 

Water contamination of hydrogen can be reduced by 
coalescers, refrigeration dryers, membrane dryers, 
molecular sieve dryers, and desiccant dryers. 

Coalescers (E) are designed to cause combining of 
smaller aerosols into larger droplets, susceptible to the 
effects of gravity. Coalescers remove sub-micron solids 
and aerosols by three different mechanisms. First, 
particles in the range from 0.001 to 0.2 microns collide 
with the filter media and are subject to diffusion 
coalescing. Second, particles in the range of 0.2 to 2 
microns are intercepted by 0.5 micron glass fibers. The 
efficiency of the interception mechanism increases as 
the pore size decreases. Third, particles 2 microns and 
larger are removed by direct inertial impacting, because 
of their larger mass and momentum. A coalescer is one 
of the most cost-effective water aerosol removers. 

Refrigeration dryers cool the gas and dry it by 
condensation to a low dew point. These dryers use 
electric motor compressors and refrigeration fluids in a 
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conventional Joule-Thompson expansion scheme. We 
did not choose a refrigeration dryer for our solar- 
hydrogen plant because of energy consumption, cost, 
and reliability concerns. Perhaps an absorption 
refrigerator could be applied to this process with solar 
thermal energy to reopen this option. 

Membrane dryers utilize a hygroscopic ion exchange 
membrane to selectively remove water vapor from 
mixed gas streams. It can be thought of as a desiccant 
in tubular form. Tubes are bundled together inside a 
pipe shell so that the wet feed gas stream flows through 
the tubes and wets the inside walls. A counter-current 
dry gas stream flows on the outside of the tubes and 
purges water from the shell. A disadvantage of this type 
of dryer is that the dry purge-gas flow rate is greater 
than the wet product feed rate. Perma Pure Products, 
Inc. makes this kind of gas dryer. 

Another substance used for drying gas is zeolite. 
Zeolites are alumino-silicate mineral particles that 
absorb and desorb large quantities of water reversibly. 
Water absorption on these so-called molecular-sieve 
dryers is by way of a physical rather than chemical 
reaction. Zeolite dryers are regenerated thermally in 
their piping containers by heating them up to 550 °C 
(1000°F) while purging with a dry gas. For continuous 
operation, two units are used. One is drying gas while 
the other is regenerating. RSI, Inc. makes small 
molecular-sieve zeolite dryers for hydrogen. We did not 
select a zeolite dryer for our solar-hydrogen plant 
because of concerns about energy consumption for the 
heat regeneration cycle. A solar heated regenerator 
would reopen this option. 



Right: A flash- 
back arrestor. 
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Desiccant dryers absorb water vapor from the gas by 
contact with a chemical substance like calcium chloride. 
One popular lab gas desiccant is called Drierite. It 
includes a color indicator to show when the desiccant 
must be regenerated. The color turns from blue to pink 
when water is absorbed. The desiccant is dried by 
heating or evacuation for recycle. 

Safe H 2 Storage 

You are responsible for the purity of the solar-hydrogen 
to be stored. Hydrogen and oxygen mixtures are not 
safe to store. Make sure that your gas is at least 99% 
pure hydrogen before storing it in a tank. Measure your 
hydrogen gas purity with a quality instrument to be sure 
it is safe. 

Oxygen is the impurity of concern, so measure for it in 
your hydrogen on a regular basis. The strategy for safe 
hydrogen storage includes using 99+% pure gas, and 
eliminating the oxygen impurity. 

Homebrew Purification System 

A hydrogen purifier was constructed for our 1 kW home- 
scale alkaline-electrolysis hydrogen production plant. 
We chose a catalytic recombination process to remove 
the oxygen impurity. Details are shown. 

A Double-Bubbler (C) with water columns and sparger- 
frit aquarium-type bubblers can provide several useful 
functions. It can serve as a visual flow indicator, KOH 
scrubber, flame arrestor, liquid back-flow preventer (for 
intermittent operation), upstream or downstream leak 
detector, and imbalance detector (requires 2 units for 
comparison of 0 2 and H 2 production). 

The water in the bubbler columns must be changed 
during regular maintenance servicing, as it becomes 
alkaline over time. Some operators have reported using 
cider vinegar instead of water for longer life between 
column liquid changes. A color change apparently 
occurs when the acidity of the vinegar is neutralized by 
the KOH/water aerosols. Soon, we’re going to try it here 
to see for ourselves. 

Water Coalescers and Water Drain Valves 

Our coalescers (E) have stainless steel bodies, and 
bowls with replaceable filter elements inside. The 
coalescer filter removes rust, nickel, plastic, and dirt 
particles from the hydrogen gas stream. Coalescers 
also remove water vapor aerosols, known as fog. 

The first coalescer removes bubbler aerosol. The 
second removes recombination-water aerosol, 
produced by deoxidation of the hydrogen as it passes 
over the catalyst beads. Our coalescer is a Finite unit 
manufactured by Parker Hannifin Corp. It captures 
water aerosols in the 0.001 to 10 micron size, using a 
glass micro-fiber element. We chose to use a type C 



Safety Levels of Oxygen Contamination 
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filter media in the coalescers. It is compatible with 
hydrogen gas and can be used on the oxygen side as 
well. 



These coalescers are position-dependent, and must be 
mounted so that their water capturing bowls and drain 
valves face down. The coalescers require horizontal 
piping connections at the entrance and exit. With 
horizontal piping, the bowls will gravity fill with 
coalesced water. 



Each coalescer is equipped with a small ball valve on 
the bottom of the bowl to allow regular draining of water 
captured from the hydrogen. The coalescers must NOT 
be allowed to fill up with water. We drain the water from 
the coalescers about once a week. 

Flash-back Arrestors 

Flash-back arrestors (FBA) (F) are used to isolate the 
purifier from other components upstream or 
downstream in the hydrogen system piping. An FBA will 
stop a flame from propagating through a pipe. 

Hydrogen is flammable and easily ignited when oxygen 
is present. The FBA isolates flammable air and 
hydrogen, or oxygen and hydrogen mixtures, from any 
source of ignition. An open flame, spark, or hot metal 
surface can be a source of ignition. 

A catalyst can also be a source of ignition, even at room 
temperature. By bracketing the catalyst with an FBA on 
either side, the upstream or downstream mixture will 
not be ignited. This is true even if there is a flammable 
mixture in the line due to a malfunction or mistake. 



FBAs are made with a plug of fine silica sand restrained 
by screens in a wide section of piping. The sand 
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Left: The 
Panametrics 
XM02 oxygen 
analyzer 
measures the 
amount of 0 2 
contaminant in 
the hydrogen. 



quenches any flame-front and stops combustion. We 
prefer the FBAs that have an integral check valve to 
prevent backflow. Western Enterprises, Inc. makes an 
FBA appropriate for hydrogen and acetylene gas 
service. 

Check Valve Pressure Relief 

A check valve (G) for pressure relief is set to 4 bar (58 
psig) to prevent over-pressuring the system by error. If 
this pressure is exceeded, the relief check valve 
“cracks” and hydrogen gas is released out of the vent 
line. When the pressure is reduced to the normal 
operating value (0.5 to 3.5 bar gauge), the valve closes 
once again. Relief valves are subject to drift over time, 
so check to be sure that the set pressure and the actual 
pressure are the same. This should be done at regular 
maintenance shutdowns. 

Compound Pressure Gauges 

We use pressure gauges (H) with all stainless parts to 
prevent corrosion failure. They are compound gauges 
measuring both vacuum and pressure. We use the 
vacuum gauge function to evacuate the system after 
maintenance, or before startup of the hydrogen plant. 
The pressure gauge monitors operation of the plant 
when making hydrogen gas. 

De-oxo Catalytic Recombiner 

Our catalyst (D) is packed in a stainless steel tube by 
the supplier and performs the key purification function: 
removing oxygen from the hydrogen gas stream. The 
catalyst tube must be placed so that the flow enters 
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through the top and exits at the bottom. This will 
prevent lofting the particles in the catalyst bed and 
fluidizing them. Keeping the catalyst pipe vertically 
oriented helps to keep the flow uniform. Thus, the water 
formed during de-oxo purification flows towards the 
bottom in the same direction as the hydrogen gas. It 
can be removed from the purified hydrogen by the 
second coalescer before it reaches the second FBA. 

Connecting the Purifier to the Electrolyzer 

The hydrogen duct coming from the electrolyzer is first 
connected to the gas inlet port of the Double-Bubbler 
for KOH/water scrubbing. The scrubbed hydrogen gas 
is then fed to the purifier for oxygen removal. We used 
1/4 inch stainless tubing with Swagelok fittings to 
connect the electrolyzer, bubbler, and purifier. 

Purging the Purifier 

Before starting the hydrogen plant, flush any possible 
flammable gas mixture out of the piping with an inert 
purge gas, like nitrogen or carbon dioxide. 

An alternate method to remove flammable gas mixtures 
from the piping and other components is to use a 
mechanical vacuum pump (I). It must be capable of 
producing a vacuum of at least 20 mbar (approximately 
20 Torr). A vacuum cleaner will not work for this. A two- 
stage laboratory vane-type vacuum pump with a 
thermocouple pressure gauge will work well. 

Compound pressure gauges are very useful, because 
you can see when the vacuum has reached less than 
20 millibar (>29 inches Hg vacuum). It is also easy to 
check if the piping holds vacuum after the pump is 
removed. Vacuum measurement units have become 
more standardized in recent years. Unfortunately, many 
gauges are still on the market that register vacuum in 
inches or millimeters of Hg (mercury) below 
atmospheric pressure. This can be confusing to the 
uninitiated. 

Startup of Electrolyzer and Purifier 

Once the purifier is ready, we start the electrolyzer by 
closing the main electrical breaker to the DC power 
supply. Then, we wait twenty minutes or so for the float 
valves on the Hydrogen Wind electrolyzer to fill. Next, 
we close the vent valve on the electrolyzer. Pressure in 
the electrolyzer will begin to rise. Slowly, we open the 
isolation valve between the electrolyzer and the 
Double-Bubbler. Gas will enter the purged purifier. After 
the hydrogen flow through the Double-Bubbler has 
stabilized, we open the isolation valve all the way, and 
leave the valve open. 

Measuring Hydrogen Purity 

When production of gas is underway, we check the 
purity of the gas before storage. Several oxygen meters 
are available. We use a Panametrics XM0 2 oxygen 
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analyzer (J) that has a range of 0 to 5% oxygen. This 
meter has high accuracy and is reliable. A less 
expensive oxygen meter is available from Figaro USA. 
Our hydrogen has less than 0.01% oxygen after the 
purifier. We have used this catalytic purification system 
continuously for almost three years with no loss in 
performance. 

Future Direction 

We are now planning to store and use the electrolyzer’s 
purified oxygen production for both fuel cells and a 
hydrogen-oxygen torch. The purifier has been 
operational for almost a year. Since we lack a suitable 
meter to measure the hydrogen contaminant in the 
oxygen, we still vent it to the atmosphere. Next month, 
our long-awaited hydrogen meter from DCH, Inc. is due 
to be delivered. The DCH meter is designed to measure 
from the ppm level to 100% hydrogen. In a future 
article, we will share our experience with oxygen 
purification and storage. 
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Safety Information: 

Air Products and Chemicals, Inc., “Safetygram 4” on 
Gaseous Hydrogen • 610-481-4911 

Alkaline Electrolyzer: 

Hydrogen Wind Inc., RR2 Box 262, Lineville, IA 50147 
515-876-5665 

Catalyst Suppliers: 

Resource Systems Inc., Six Merry Lane, East Hanover, 
NJ 07936 • 973-884-0650 • Fax: 973-515-3166 

GPT, Inc. • 732-446-2400 • Fax: 732-446-2402 

Coalescer: 

A.F. Equipment Co., Inc., 1273 Forgewood Ave., 
Sunnyvale, CA 94089-2216 • 408-734-2525 

Parker Hannifin Corp., 17325 Euclid Ave., Cleveland, 
OH 44112 • 800-506-4261 • 216-531-3000 

Complete Purifier System (Model PT-4) and Double- 
Bubbler (Model DB-3): 

H-lon Solar, Inc., see Walt Pyle above. 



Flash-back Arrestor 

(Western Enterprises Model FCV-3A): 

Atlas Welding Co., 1224 6th Street, Berkeley, CA 94710 
510-524-5117 • Fax: 510-524-9098 

Hydrogen Membrane Dryer: 

Perma Pure Products, Inc. • 732-244-8140 

Palladium-alloy Membrane: 

Johnson Matthey, Inc. • 44-1763-253306 (Great Britain) 
610-971-3100 (USA) 

Teledyne-Wah Chang, Inc. • 541-967-6904 

Polymeric Membrane: 

Permea, Inc. • 800-635-8842 

Pressure Gauge: 

Fluid Gauge Co., P.O. Box 881833 San Francisco, CA 
94188*415-285-0648 

Stainless Pipe Fittings: 

Oakland Valve and Fitting Co., 2441 Sprig Ct. - Unit A, 
Concord, CA 94520* 51 0-676-41 00 
Fax: 510-798-9833 




Energy Studies 



Expand your knowledge of the 
technical, economic and policy 
aspects of renewable energy with 
study via the internet. 

Murdoch University offers a range of qualifications 
including: 

* Postgraduate Certif icates in Energy Policy and 
Energy Systems 

* Postgraduate Diploma in Energy Studies 

* Master of Science in Renewable Energy Technology 

* Research Degrees in Energy Studies 

* Energy Courses for Prof essional Development 






These courses and qualif ications are available entirely 
via the internet enabling you to complete these 
programs without ever needing to attend the campus! 




For information about Energy Studies visit 
our website http://acre.murdoch.edu.au/ 
or contact 

A/Professor Philip Jennings, 



Murdoch University, Australia 
Ph +61 8 9360 2433 Fax +61 8 9310 1711 




Australian CRC for 
Renewable Energy 






MURDOCH 

U N I YE RS ITY l 

PERTH, WESTERN AUSTRALIA I 
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Off the grid? 

Need reliable refrigeration? 



sun 



P.O. Box 1 1 01 , Areata, CA 9551 8-1 1 01 
Phone: 707-822-9095 • Fax: 707-822-6213 • www.sunfrost.com 





SUN STAR PROVIDES YOUR HOME OR 
OFFICE WITH BRIGHT NATURAL LIGHT! 

★ Little or no heat gain or loss 

★ No structural changes required 

★ 1 5 year transferable warranty 

★ Reduces the need for large PV systems 

★ Installs in less than 2 hours 

★ Meets national standards for ATI. 
roofing structures & styles 

★ DEALER INQUIRIES INVITED 

SUN STfiffy 



SEE 



M.iujiJLjrrn 



Call Today & See How Affordable the Sun Star Really Is! 



SH 1-800-SUN-STAR 



UPS DELIVERY 



www.sunstarskylights.com 



WAVE POWER 

SQUARE WAVE PRICES 

STARTING AT 

[PEtfl WATT! 

Xt> ^ 

XP 125 ^ XP1100 

12 Volt DC $225 EJCEMJ £1^ H 12 Volt DC $748 

2225 E. Loop 820, N-Ft. Worth, TX 76118-7101 • voice: 817.595.4969, fax: 817.595.1290 
e-mail address: info@exeltech.com 

TOLL FREE: 800.886.4683 
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SOLAR-ONE" TECHNOLOGY AT WORK: 



THE HIGH UTILIZATION POSITIVE PLATE 



Innovative technology is 
what separates Solar- 
One™ from the rest of the 
pack. Delivering full 
capacity for more total 
cycles than conventional 
batteries , Solar-One 
batteries are engineered 
for outstanding 
performance, from the 
inside out! 

m Take a close look at the 
Solar-One unique high- 
utilization positive plate, 
and you will see that it is 
our positive grid that 
provides the foundation for 
Solar-One Positive Plate 
Technology. Incorporating 
the highest quality raw 
material available in the 
industry. The Solar-One 
grid uses our own 
metallurgical formulation 
and a computer-controlled 
grid casting system, 
another industry exclusive! 
The result: 



B the Solar-One grid 
contains larger lead 
crystals, and larger crystals 
mean fewer points for 
corrosion to attack the 
battery. 

C To accommodate grid 
corrosion and growth , 
many battery 
manufacturers are forced 
to use a "floating seal", a 
battery design which is far 
more subject to leakage 
than the Solar-One's 
burned post-to-cover seal. 
Having controlled the 
growth of our positive grid, 
the Solar-One seal is 
stronger and less 
vulnerable to leakage. 

D The key to Solar-One's 




tradition of longer battery life at 
full capacity is our patented H.U.P. 
technology (US patent #4,135,829.). 
H.U.P. is a process which optimizes 
both the active material utilization 
and the longevity of the positive 
paste. A colloidal suspension of 



tetrafluoroethylene (Teflon®) is 
added, at precisely measured 
volume , temperature, and time , to 
the paste mix and causes the 
formation of a pervasive network 
of fibers throughout the active 
material. 



E This process known as 
fibrillation, locks the active 
material into place and 
virtually eliminates flaking 
and shedding - the chief 
causes of battery failure. 

F Tested at the National 
Battery Testing facility 
batteries with H.U.P. have 
been shown to increase 
working life by at least 
20%, with absolutely no 
sacrifice of capacity! In fact, 
H.U.P. batteries deliver full 
capacity longer, have faster 
voltage recovery with lower 
internal resistance, and last 
longer than conventional 
batteries. For more power 
in your Renewable Energy 
System look for the H.U.P. 
Solar-One™ label. High 
Utilization Positive plate 
technology only from: 




The First Name In R-E Batteries 



P.O. BOX 137 
Colburn, ID, 83865 
800-718-8816 
208-263-6142 
Fax 208-265-3677 
http://www.nwes.com 



Dealer Inquiries Invited. 



The HUP SOLAR-ONE has the BEST FACTORY WARRANTY for RENEWABLE ENERGY 

Warranteed for 2100 cycles at 80% depth of discharge, 5 years free replacement & 5 years pro-rated. HUP Technology Patented in 
1982, ISO 9000 Certified, now you can enjoy the benefits of the Proven Hup Technology in your R-E system with the Hup Solar-One. 



Free Shipping for the HUP Solar-One in Canada and 48 States. Ten Year Factory Warranty. 



Call for your Free Catalog of our complete line of Renewable Energy Equipment 



r 

L 



Check our ONLINE CATALOG at 
www.nwes.com 



Propane of Natural Gas, 14.4 cu ft frig 
$1949.00 + shipping approx $130 
Fuel consumption 1 .2 gallons per week 

PV120 solar modules $569. 4+ quanity 
120wa1ts 7.1 amps 16.9 volts 









Surrette L-16 375 amp-hours @ 6 volt 

• Lab tested to cycle 33.3% more 
times at a 50% discharge rate 

• 5 year factory warranty, 2 years 
unconditional, 3 years prorated 

• Available DRY charged with a 
shelf life of 7 to 10 years before 
being activated 

• Wet or Dry $249 each 
+ discounted truck freight 




$249 each 

+ shipping 
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Above: A Zond 750 kw cutaway “bird” was trucked in for display. 



O n July 18th and 19th, well over 
1 5,000 people attended the 
1 998 Tehachapi Wind Fair and 
International Music Festival. Folks came 
from nearby and from as far away as 
Africa to view the latest in wind power 
technology, solar energy technologies, 
and just to have a great time. If you 
didn’t attend this unique energy fair, 
here’s what you missed. 

An RE Fair Specializing in Wind Power 

I have always been fascinated with wind power. Wind 
power has a romance which PV lacks. Wind power is 
dynamic — you can easily see that energy is being 
converted by the wind turbine. PVs just sit there and 
smile at the sun. 

When we were invited to this fair, we at Home Power 
were delighted at the chance to view big wind gennys 
up close. While we expected Big Wind, we were 
amazed at the variety of RE resources on display. We 
saw everything from utility scale solar thermal electric to 
electric transportation. 



Getting There 

Michael Welch, Karen, and I piled into a renta-van and 
drove the some 600 miles from Agate Flat, Oregon to 
Tehachapi, California. Don Kulha arrived under his own 
power and was there early to facilitate setting up the 
Home Power booth. As we crested the ridge of the 
mountains enclosing the Tehachapi valley, we instantly 
spotted the wind farm on the distant east ridges. 
Thousands of huge wind gennys were pumping out the 
watts! We couldn’t wait to get up close and personal 
with these behemoths. 

Driving into Tehachapi, we saw a wonderful picture of 
small-town America. This town of about 4,000 people 
plays a major role in wind power. Many locals make 
their living either at the utility scale wind farms or in the 
nearby Zond Energy Systems factory, manufacturing 
utility sized wind turbines. 

Friday night, we checked into the motel. From our 
second story window, we were again treated to the 
sight of thousands of wind gennys dotting the 
Tehachapi Mountain ridges some ten miles east. The 
sight was fascinating. Karen and I were continually at 
the window watching the dance of these wind giants. 
The last thing we did at night was to look and see if 
they were all still turning — and again, first thing in the 
morning. The motel room was equipped with a TV, but 
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we found the view from the window far more 
fascinating. We became turbine watchers. They 
commanded our attention all throughout the weekend. 
Only for half an hour, early on Monday morning, did I 
view them not in motion. 

Saturday Morning — Fair Time! 

We really didn’t know what to expect at this fair. We 
arrived early Saturday morning at Tehachapi City Park 
and began setting up our booth. By nine AM, fairgoers 
began to arrive. We met Home Power readers, solar 
bozos, wind weenies, and even a few hydro maniacs. 
These are our kind of folks! Before the day was over, 
everyone in the booth was hoarse from talking RE with 
hundreds of fairgoers. 

I snuck off and visited most of the booths displaying RE 
technologies. On my sojourn around the fair, I met 
many RE people for the first time. Michael Bergey was 
there showing off his 10 kW Excel. I’ve always 
considered the Excel to be a big wind genny, but 
displayed alongside the 750 kW Zond turbine, the Excel 
seems tiny. Such is the magnitude of Big Wind! 





We met Marianne Walpert of Pacific Solar. This lady 
does it all — utility-intertied PV systems from design to 
installation. We saw many old friends such as Don and 
Cynthia Loweburg from Offline Energy Systems. We 
met Josh and Kaia Tickell of Veggie Van fame — they 
were there sponsored by Green Mountain Energy 
Resources, complete with their vegetable oil-powered 
RV. We met with our old friends Phil and Richard 
Jergenson who helped to organize the fair. They were 
also there displaying their QuikStix building system. All 
in all, the exhibitors were an eclectic mix of solar and 

Below: Kaia Tickell at the Veggie Van booth. 



Above: Salvaged nose cones make playground 
equipment at the city park. 



wind, from big to small. Even Southern California 
Edison was there, displaying an electric Toyota RAV 
vehicle. 



The Las Vegas Electric Vehicle club attended in force 
with several electric street machines on display. Clark 
Beasley was there conducting Electrathon races around 
the fairgrounds. Electric bicycles zipped and zapped 
around the wonderfully green city 
park. At this fair, there was little 
doubt about the future of 
transportation — it’s going electric! 



All over town, multi-colored flags led 
folks to the fair. Even the barricades 
preventing vehicles from entering 
the grounds were huge wind 
generator blades placed across the 
city’s streets. The kiddie slides and 
other fun kid-type things were made 
from the blades and nose cones of 
the huge wind gennys. Chicago may 
be known as the Windy City, but 
Tehachapi is really Wind Town, USA. 
Even the vegetation in downtown 
Tehachapi shows significant 
“flagging,” i.e., deformation by the 
wind. 
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Fun at the Fair 

Workshops are the heart of any energy fair. This is 
where folks really learn how to use renewable energy in 
their own lives. The Tehachapi folks put major effort into 
the workshops and it really showed. No matter what 
your RE interest, there was a workshop for you — all 
presented by experts in their particular fields. It was 
impossible to attend them all. 

If sitting through a workshop didn’t appeal to you, then 
you could have enjoyed a bus tour of the local wind 
farm, a glider ride at the Mountain Valley Airport, or a 
bus tour of the Tehachapi Railroad Loop or local 
botanical gardens. Live music of all flavors flowed from 
the three music tents. Great munchies, even Ostrich 
burgers, were served at the many food booths. 

The Science Tent was another exciting area of the fair. 
Inside, one could find interactive science projects and 
kiddie cars for smaller folks, as well as human-powered 
pedal generators, and the renewables history kiosk. 
Phil and Richard Jergenson did a great job organizing 
this area. 

From Large to Small 

Although we home power types focus on very small 
scale RE systems, both large and small were on display 
at the Tehachapi Wind Fair. The KJC Company showed 
off their solar thermal electric generators. These huge 
line parabolics have been up and running for over 12 
years, making over 354 megawatts of power in the 
Mojave Desert — enough to run over 350,000 homes. 
These mega parabolics were displayed side by side 
with the same PV modules most of us already know 
and love. 

Enron Wind Corporation had one of the most interesting 
exhibits. They brought one of their new Zond Z-750 
wind machines mounted on a flatbed trailer. It is the 
size of a small RV and featured a cutaway nacelle (the 
generator’s shroud) and transparent covers over the 
blade mount holes on the nose cone. Fairgoers could 
walk around the machine, while seeing and 
understanding the many different parts. Zond rigged up 
a moving, hydraulic-controlled blade feathering 
mechanism to make everything look workable. 

Perhaps my most vivid memories of this fair are of the 
contrast between the small and the huge RE systems. I 
came away with a renewed appreciation of utility scale 
RE projects. After all, many of us are on-grid — if you are 
going to rent electricity from a power company, then it 
should come from RE resources such as wind and 
solar. Recent utility deregulation makes this choice 
possible. See Michael Welch’s article on buying RE on- 
grid on page 64 of this issue. 




Above: The Tehachapi Wind Fair crew worked hard, 
and it showed. 

The People Behind the Tehachapi Wind Fair 

Energy fairs happen because a group of people 
decides to put out the enormous efforts required to 
make them happen. This year’s fair in Tehachapi was a 
success because local energy activists did this work. 
Kudos to Linda White, Executive Director of the Kern 
Wind Energy Association, Duana Pera, Tehachapi Wind 
Fair organizer, Carol Lawhon, Tehachapi Chamber of 
Commerce, Debbie Hand, Mountain Music and 
facilitator of the International Music Festival. Thanks to 
Jon Powers, the Jergenson brothers, Harvey Stevens 
and cohorts of KJC, Suki and Philip Crandell, and the 
many, many volunteers! You folks did a bang-up job! 

We had a great time! 

Perhaps the greatest compliment that can be paid to 
any event is to return to do it again. The HP Crew had 
so much fun that there is no way you’ll keep us from the 
next Tehachapi Wind Fair in the year 2000. The 
situation and the theme of this fair is unique. If you 
weren’t there this year, you really missed something 
special. We’ll see you in Tehachapi for the next one! 

Access 

Author: Richard Perez, c/o Home Power, PO Box 520, 

Ashland, OR 97520 • 530-475-3179 

Fax: 530-475-0836 • richard.perez@homepower.com 

Tehachapi Wind Fair: Linda White, Kern Wind Energy 
Association • 805-822-7956 
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SIEMENS 




P 



Solar power. No longer just a dream. 



A practical way to 
live where you want, 
how you want. 



Look for this symbol 

Siemens Solar 

PowerPro 



Dealer inquiries welcome 




Siemens Solar 

The World's Leader in Solar Power 

( 800 ) 947-6527 

www.siemenssolar.com 





Have you ever wanted to 
visit a large scale wind 
energy farm? How about 
touring a state-of-the-art 
factory that assembles 
huge wind generators? 



We were lucky enough to 
have both of these 
opportunities after this 
year’s Tehachapi Wind Fair. 





Early Monday morning after the Wind Fair, a dozen of 
us met up with Linda White, Executive Director of the 
Kern Wind Energy Association. She gave us a tour of 
the wind farms placed on the east ridges of the 
Tehachapi Mountains. We also got to visit the plant 
where Zond Energy Systems assembles their monster 
750 kW wind turbines. I was so excited about climbing 
one of the big towers that I was barely able to sleep the 
night before. 

Safety First! 

Before we were able to tour the wind farm, we were 
instructed in the required safety rules and issued hard 
hats. Those of us climbing towers were given a lesson 
in tower safety and also issued climbing harnesses. I 
was impressed by their commitment to safety. Also, not 
all dangers present were from the wind behemoths or 
from the high towers. It was rattlesnake season, and we 
all had to be on our toes. 

We drove up the mountain, passing just a few of the 
4,940 wind generators which populate these ridges. I’d 
spent all weekend admiring these wind giants from a 
distance. Viewing them up close and personal was an 
entirely new thrill. The biggest of these wind machines 
(the Z-50) has a 50 meter (164 feet) diameter rotor. Its 
center is atop a 65 meter (213 foot) tower. Overall, the 
machine is 90 meters tall (almost 300 feet). Even with 
these numbers, it doesn’t begin to describe the 
experience of standing under one of the huge machines 
while it is operating. I was amazed at the low noise 
levels, as the blades whooshed around some 32 times 
a minute. The sight was mesmerizing — we just stood 
there and stared. 



Wind Power 




Above: A Vestas on a 1 40 foot tower. This one is just 
like the one I gathered the courage to climb. 



Wind Farm Details 

The wind farms on this ridge are 
operated by companies such as 
SeaWest, Enron, Oak Creek Energy, 
Cannon, CalWind Resources, Enron 
Wind Corp., FORAS, MHI, and 
others who sell the wind-made 
electricity to utilities like Southern 
California Edison. The wind farms 
around Tehachapi generate some 
1 .4 billion kilowatt-hours of electricity 
yearly — enough to power over 
250,000 homes. The average price 
these wind farmers receive is 5 
cents per kilowatt-hour. 

Wind farms are an ecologically 
sound way of making electricity. 
They offset the production of over 
seven million pounds of sulfur 
dioxide, nitrogen oxides, and 



Below: Going up! A climber’s view of the Vestas’ underbelly. This machine is 
rated at 225 kilowatts at a 25 mph wind speed. 
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Above: Just a few of the almost 5,000 wind gennys in the Tehachapi Mountains. 



particulates. These pollutants would have been 
produced if the same amount of energy was made by 
burning natural gas. Wind farms displace the production 
of over 1.1 billion pounds of greenhouse gasses yearly. 
I don’t even want to think about the pollution that would 
have been caused by burning coal and nuclear fuels.... 

Wind farms are constantly changing. Old, smaller 
turbines are being replaced with newer and bigger 
ones. Constant maintenance was going on all around 



Below: Scott Winneguth at the Zond factory shows us 
how they build wiring harnesses for their controllers. 




us. The wind farms are a major source of income for 
the folks in Tehachapi. Hundreds of them work at 
maintaining and upgrading existing machines or making 
new gennys. That’s one more advantage of renewable 
energy. It’s locally produced and provides many local 
jobs. 

Climbing the Big Tower 

The newest and biggest of the turbines are climbed 
from inside an enclosed tower tube. We climbed one of 
the smaller, exposed towers holding a Vestas turbine. 
Even though this tower was shorter than some, 
climbing the 140 feet was a scary undertaking. I clipped 
my body harness into the safety cable and began my 
ascent. Now, I’m a lard-butted, 53 year-old office 
worker. While I’ve climbed both towers and rocks much 
taller than this one, it’s been a long while. I had to stop 
four times on the way up to catch my breath at this 
elevation, which was over 5,000 feet. 

Once safely secured to the work platform at the top of 
the tower, I took some of the photos you see here. 
Richard Jergenson of QuikStix began climbing once I 
had reached the top. Together, we shared the view. If 
these wind farms are awesome sights from the ground, 
they are twice as impressive when viewed from atop a 
tower. From this vantage point, I was able to view these 
wind giants at eye level. I saw many more wind 
generators populating the distant ridges. Almost all of 
them were spinning and pumping electricity into the 
grid. The tower under me swayed gently as the wind 
gusted. I was slack-jawed with amazement and misty 
eyed with appreciation. These folks are doing 
wonderful, important, and effective work! I descended 
to give Josh Tickell of Veggie Van fame a chance to do 
the climb. If you’d like to read an excellent account of 
Josh’s wind tower climbing experience, check out 
www.veggievan.org/day17.html using your web 
browser. 
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Above: The heart and soul of the Zond machine, its integrated gearbox. 



I want to thank the wind folks in 
Tehachapi. Climbing that wind 
generator tower was an experience 
that I will never forget. 

Visiting the Zond Factory 

After climbing the big tower, I 
followed the crew, on wobbly rubber 
legs, to our next destination. Our 
mission: a tour through the Zond 
Energy Systems factory. A long-time 
operator and recent manufacturer of 
big wind machines, Zond was 
purchased by Enron in 1997. They 
created Enron Wind Corporation, a 
major player in the big wind market. 
Enron Wind Corp. has built over 
3,400 turbines, with a total capacity 
of over 700 megawatts. Their plant 
in Tehachapi assembles the new Z- 
750 series turbines which have a 
maximum output of 750,000 watts. 
The current trend in commercial 
wind power is towards the bigger, 
more efficient, lower cost turbines. 
Let’s take a look at Zond’s new 
state-of-the-art turbine. 

The Z-750 series turbines are not 
only huge, but are also very cost 
effective. When we asked about the 
price, Scott Winneguth, Manager of 



Manufacturing, told us, “A buck a 
watt, installed!” While $750,000 
sounds like a fair chunk of change to 
us home power types, this is 
inexpensive by big wind standards. 
That’s why Enron is selling these 
turbines as fast as they can be 
made. Technically, the Z series has 
much in common with the smaller 



turbines we use in home power 
service. They generate variable ac 
(nominally at 468 vac) which is 
converted by a huge 750 kW 
inverter into synchronous 60 Hz ac 
for the grid. Oddly enough, these big 
inverters are made by a division of 
Trace Engineering, a company 
familiar to most HP readers. 

The Z series are variable speed, 
three-blade upwind turbines. Unlike 
most upwind machines, they have 
no tails. They are pointed into the 
wind with electric motors and 
planetary gear drives. Both turbine 
yaw (side to side motion) and blade 
pitch are electrically and 
hydraulically computer controlled. 
These turbines begin operating at 
wind speeds of 3 meters per second 
(6.7 miles per hour), and reach 
maximum output at 11.2 meters per 
second (25 miles per hour). 

As we followed the assembly line, I 
was struck by the attention to detail 
evident everywhere in the 
manufacturing process. Every 
component is thoroughly tested 
before and after it is installed in the 
turbine. Scott told us that it’s easier 
and cheaper to fix any problems 
before it goes into the air. 



Below: The tower-top collar and the servos that control yaw. 
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Zond makes their own electronic controls. We visited 
the assembly room where workers were soldering 
components onto circuit boards. From there, they 
tested the assembled boards. This type of detail is 
probably why the Zond machines have a design life of 
thirty years. 

Outside the factory, we saw dozens of the big wind 
gennys ready for shipping to wind farms all over the 
world. Over 300 megawatts of these turbines are being 
shipped to Iowa and Minnesota, where they will 
populate some of the biggest wind farms anywhere. 

The utilities are the only thing delaying the Big Wind 
explosion. If the utilities and providers buy more wind 
power, then we will see wind farms going up 
everywhere. It’s up to us, the consumers of electricity. 
When we demand renewable energy, then they will 
supply it. The truth is that if even a small fraction of 
America’s wind sites were developed, then we wouldn’t 
need any fossil fuel or nuclear power plants. The times 
are indeed changing, and the Big Wind folks at 
Tehachapi are on the cutting edge of that change. 

The Road Home... 

As we cruised up Interstate 5 on our way home, I 
looked at the high voltage power lines beside the 
freeway with a new perspective. How much of the 
energy they carry was made by wind power? If the folks 
at Enron have their way, it will be more and more with 
each passing year. While I love being off-grid and have 
a profound respect for our little wind genny, I must 
admit that the Big Wind folks in Tehachapi are on to 
something. If I was stuck on grid, I’d be buying my 
electricity from wind farms such as those in Tehachapi. 
See Michael Welch’s article on buying wind power on 
page 64 of this issue. 
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Renewable Energy 
Dealer, Installers, Educators 
Solar, Wind & Micro Hydro Systems 
Serving the Carolinas and Virginia. 

Off grid since 1992 



Solar Village Institute inc. 

Chris and Lyn Carter 
PO Box 14, Saxapahaw, North Carolina, 27340 
fax/phone (336) 376-9530, voice (336) 376-9292 
Email solarvil@netpath.net 
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132 Pages of Answers ... 

Our publication begins 
, with basic load analysis 
and sizing information 
and includes case 
histories, design guidelines and useful 
in-depth data required for system layout. It offers 
detailed descriptions of solar components and 
packages. A must for every energy library. 
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Remote Independent Living 
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TRIPLE JUNCTION SOLAR MODULES 

Rpie Next Step ||f$fie r~ 4 

Development of Solar! ■ 1 

This solar module incorporates three separate layers 
of power producing material maximized to absorb 

different spectrums of light. These three layers, or 

junctions, increase overall efficiencies resulting in a 
more powerful, lower cost module. 

• Lower cost 

• Unbreakable Non-Glass Construction 

• 1 0-Year Warranty 

• Triple Junction Technology 

• Shadow Guard Protection 

8 pitt a;l . 

• Water PufTfpjgg ■■ , 

• ElectricFeppe-CT^rgiaq, 

• Recreational Vehicles ’!* 
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• Remote Cabiqs^ . -- 

• Battery Maintenance 
^ • Marine applications 



A GOLDEN GENESIS COMPANY 



is 1 1 00 Skeels Street 
Post Office Box 787 
Hamilton, Montana 59840 



UNI-SOLAR is a trademark of United Solar Systems Corp. 





BE YOUR OWN POWER COMPANY 



Real Goods Has Solarized Over 
\ 25,000 Homes Worldwide 

Real Goods Renewables is the largest supplier 
of Renewable Energy Systems in the world. We 
can take you off-the-grid little by little with our 
100 watt Sun Plug™ solar system for less than 
$1,000- or all at once, enabling you to create all of your own 
power. Starting with conservation and energy efficient appliances 
we can shave up to 75% off your utility bill. And with solar power, 
you’ll be completely exempt from worries about the Year 2000 
(Y2K) computer problem. Call one of our 8 full time technicians 
at Real Goods Renewables or request our free 100 page catalog. 









555 Leslie Street Ukiah, CA 95482 
Ph: 800.919.2400 Fax: 707-462-4807 
email: techs@real 300 ds.com 



A bright idea and true to our mission-shop 
our tree-free catalog 24 hours a day: 

www.realgoods.com/renew 
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Windows • Mac • Unix 

Photovoltaics, Wind, Hydro, 
Electric Vehicles, Hydrogen, Batteries, 
Inverters, Controls, Solar Cooking, 
Efficient Appliances, Water Pumping, 
Communications, and More! 



Issues #1 (l\lov. ’87) 
thru #42 (Sept. ’94) 
...over 3900 pages of 
Home Power 



Contains the original 
magazine layouts 

(text & graphics) 

In Adobe Acrobat PDF® format: 
Color • Fully Indexed • Searchable 
Exportable • Printable 

Acrobat Readers included 




29 



each 



Solar3 

Issues #43 (Oct. ’94) 
thru #60 (Sept. ’97) 
...over 2000 pages of 
Home Power 



Postage Paid (International orders add $3) 

Home Power, PO Box 520, Ashland, OR 97520 • Phone: 530-475-0830 • Web: www.homepower.com 




Plus: audio RE lectures, 

RE system analysis software, 
& RE business database 



For Credit Card Orders Call Home Power at 800-707-6585 



62 



Home Power #67 • October / November 1 998 









CHINA DIESEL IMPORTS 
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Hardy diesel 



25 bp 4 X4;DIE$ 
TRACTOR 



Call or E-Mail 24 hrs / 7 days a week for FREE color literature 1-800-341-7027 
Cdi@chinadiesel.com Visit us at WWW.chinadiesel.com 
Or write to: China Diesel Imports, 15749 Lyons Valley Rd., Jamul,CA 91935 

Warning!! Do not be fooled by "Here today, gone tomorrow" imitators. We have no dealers or distributors, we sell only direct. 




(KKk o, you live on the grid. You want to 
\ y use renewable energy but aren’t 
ready to purchase your own 
system. Although Home Power 
Magazine is about making your own 
electricity, we understand the 
circumstances that delay this for many 
of you. We encourage you to take steps 
as soon as possible that will help create 
the renewable energy future. 

Obviously, it is important to decrease your consumption 
wherever possible. We have written many articles on 
this, and won’t go into it here. This article details how 
you can use wind resources that are on-grid, or that will 
be in the near future. 

Big Wind is the One 

Some of the HP crew attended the Tehachapi Wind 
Fair, where we saw firsthand the growing use of our 
nation’s vast wind supply. We were very impressed. 
Wind is probably our best resource for utility scale RE. 
Practically speaking, PV is cost-prohibitive on a utility 
scale. Using solar thermal for electricity is only 
somewhat cheaper. Biomass is not yet available in a 
large enough quantity. Large-scale hydro is cheap 
enough, but too destructive to our dwindling wild 
waterways and their ecosystems. 

Restructuring 

Electric industry restructuring (deregulation) is making it 
possible for consumers to choose supplier and 
resource. If you don’t like what your utility is doing, or 
don’t like its energy choice, then all you have to do is 
choose another one. We’d like you to choose big wind. 

Restructuring will happen soon in most states. In the 
near future, it will probably also happen on a Federal 



level. For now, California is the only state with full 
implementation of restructuring, so we will use it as an 
example. 

Nearly every California utility has some wind power 
contracts in its energy mix. However, when you choose 
a utility that sells some of their mix as green power, it 
only makes the power less green for the rest of the 
customers. Looking at the big picture, you might as well 
have done nothing. This would have been cheaper for 
you anyway, since utilities charge a premium for their 
green programs. 

Wind Stats 

Utility scale wind power is becoming increasingly 
prevalent in the USA. The American Wind Energy 
Association says that Texas winds alone could provide 
all of our nation’s energy needs. In California, there are 
more than 12,000 commercial wind machines, ranging 
in size from 50 kilowatt (kW) to 1 megawatt (MW). The 
installed base of California machines is approximately 
1579 MW. In the entire USA, it is 1780 MW. In 1997, 
the combined output was 3.5 billion kWh, enough to 
power 353,000 homes. 

Of the nation’s commercial wind contracts, most go into 
the power mix of the utilities. That leaves little available 
for resale to green energy providers. It doesn’t much 
matter which consumers in the state it gets sold to — it’s 
available anywhere deregulation laws allow it. California 
now, Pennsylvania shortly, and your state soon. 

How Much Does It Cost? 

Expect to pay 1 0 to 20% more for wind power or other 
RE sources. Keep in mind that these are energy costs 
only. They do not include the transmission costs that 
deregulated utilities bill for separately. 

The cost of producing power varies widely, whether it is 
made conventionally or with renewable sources. Wind 
power falls somewhere in the middle of the range. 
Because utility bills are based on conventional power, 
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wind power, by comparison, will seem more expensive. 
In addition, many conventional sources also have 
significant subsidies that bring their cost down closer to 
average. Of course, we pay for these with our taxes. 
Unfortunately, that won’t change based on choosing a 
renewable supplier. The new Zond 750 kW generators 
have an installed cost of $1 per watt. See page 56 for 
the article, “Big Time Wind Power.” 

Who Can Sell You Big Wind Power? 

Here’s the rub — most green energy providers offer a 
mix of renewables. This may be the only current way to 
get our hands on wind power, short of forming our own 
purchasing co-op or municipal utility. Either of these 
entities can contract with wind farms for specific 
amounts of power. They can also install their own wind 
turbines. For further information about forming 
municipal utilities and co-ops, contact me at your 
convenience. 

At this time, there are no companies that can sell a 
residential customer 100% wind energy. Green 
Mountain Energy Resources has renewable energy 
programs that can contain wind power (approximately 
10% of the mix). Their “Wind for the Future” program 
promises to buy a new Micon 700 kW wind genny for 
every 3,800 people who sign up. They have just 
contracted for three of these wind machines to be 
installed at Pacifiwest Wind Farm 1 in the California 
desert near Palm Springs. Both Redwood Alliance and I 
highly recommend this option (see HP65, page 86). 
Some other residential power retailers also have wind 
in their mix. 

Commercial customers are a different story. Many 
electricity resellers who aren’t interested in the 
residential markets compete to get these larger 
accounts, as they are much easier to service. 
Patagonia, Inc., a large, environmentally responsible 
outdoor clothing company, has contracted directly with 
Enron Wind Corporation for 100% of Patagonia’s 



power. This amounts to approximately 1 million kWh of 
wind electricity annually. All that power will come from 
Enron’s planned 16 MW wind farm, near Palm Springs. 
That farm has a lot more power than Patagonia can 
use, but Enron doesn’t know yet what they will be doing 
with the excess. My hope is that some of it will find its 
way into residential markets. 

Green energy providers are closely watching and 
testing both the residential and commercial power 
markets. Some believe that 100% wind is a possibility 
for the residential market if there is enough of a 
demand. However, the green energy market and its root 
cause, deregulation, are very new. Because of this, it 
will take a while for these fringe markets to be explored. 

I like making predictions, and sometimes I am right. My 
guess is that by the fall of 1999, residential customers 
will be able to sign up for 100% wind at about 15% 
greater cost than a more standard green energy mix. 
This standard green energy mix will cost about 10% 
more than brown power. 

The Doldrums 

Where will your electricity come from when the wind 
doesn’t blow? Most green energy providers purchase 
power from other sources for these times. If you are 
lucky enough, your green provider will have found a 
way to avoid “system power” because it almost always 
contains fossil fuel, nuclear, and megahydro. System 
power contains the leftovers from state generation 
facilities. In other words, power that hasn’t already been 
contracted. Using system power for those no-wind 
times is forgivable, at least for now, while resellers are 
learning the ropes on managing their sources. 

Conclusion 

A growing percentage of the population can now buy 
renewable energy. You can too, even if you can’t take 
the financial plunge into owning your own system. Over 
time, an increasing number of renewable resources will 



Home Power #67 • October / November 1 998 



65 



